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1. INTRODUCTION

The increasing contribution of software development

and maintenance costs to the overall life-cycle cost of IDoD

weapon systems has been well documented in recent years. In

particular, software life-cycle costs are predicted to be in

excess of 80% of total computer hardware/software system life-

cycle cost and in excess of 50% of the total system costs by

the end of the decade (Ref. 1). This situation reflects the

decreasing costs of computer hardware and the expanded use of

embedded computers in DoD systems because ot their functional

capability. Recognition of this accelerating shift of cost

drivers fronm hardware to software has resulted in significantly

more at tent ion being given to m~ethods of deriving est imates of

the resources that will be expended on the software subsystems.

Theefore,__a method of ~.~estim!ating~~soft~ware _cost and schedule
requirements _with a reasonableI contfidence leve is requiredc to

enhance exist ing _management tools.

There currently exist several software cost estimat-

ing syst ems and model s which have gained some degree of accep-

tance within the .software cost est imat ing community. 'The most

comimonly us('.d of these are SLII (Reft. 2), JS-1I (Ref . ' ), 'R ICE-S 1

Ref. I.) , and C:OCO(MO (Ref . 5 ). [lowever , be fore any o I t he.s

*modelIs can be used to develo p a so ftware (cost estimate, they

should b~e val idat ed for use, for a part iculTar cilass ofI .appi i('d--

*t ions. Mloreo ver, i f validated, the~s, modelIs must then be cal- _'*

brat ed for a part iculIar de.velIopmient envi ronment . A dfatad base

which is represent ativye of Air Fo>rce Elect ronic Systems Tivision

ESI)) softt ware development is n ec'essary to mimake, these nmod(e Is

useful.
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An alternative to the use of the existing software

cost models is the development of a unique model which is spe-

cifically tailored to the ESD development environment and pro-

duct characteristics. This approach can overcome several

shortcomings of the existing models, in particular, the lack

of a:

* Valid method for estimating the cost of
software modification or maintenance

, Valid technique for timephasing manpower
requirements when resource constraints
exist

0 Statistical basis for establishing confi-

dence intervals for an estimate

* Capability to estimate software size.

l)evelopment of this unique model requires a comprehensive data

base which contains software characteristics and parameters

for development projects that reflect the development envi ron-

ment and applications of ESD.

1. PURPOSE

The main objective of this effort is to devel(._ a

software c()st data base which can support the cost est imat-

pr_ _)rocess. The ability to use the dat, base for val idat ion

and calibration of the COCOMO, SLIM, JS-I, and PRICE-S soft-

ware cost models is a major consideration. Since the state-

* f-the-ar-t of software cost est imat ing is advancing, the data

base must also be flexible enough to be used for model devel-

opment or enhancement. Finally, the data base should support

development of software sizing too ls because size is the key

input to most software models. Figure I.1-I depicts a multi-

pu t,,,se software cost (ata base.

1-2
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SOFTWARE COST MODEL CALIBRATION

SOFTWARE COST MODEL VALIDATION
SYSTEM CHARACTERISTICS
MISSION CHARACTERISTICS SOFTWARE COST MODEL DEVELOPMENT

GENERIC FUNCTIONS

TECHNICAL PARAMETERS
DEVELOPMENT ENVIRONMENT SOFTWARE SIZING BY ANALOGY

COST/MANPOWERLNSOF CODE
SOFTWARE COSTING BY ANALOGY

7-WARF COSS A ;AbA ;-USES

Figure 1.1-1 Software Cost Data Base Implementation

In addition to defining a software cost data base,

this effort includes th, d-sign of data collection formats,

the development and implementat "on of an approach for the ini-

tial data collection, and the estatL '>hment of a methodology

for maintenance and growth of the data o se in the future.

Recommendations for future uses of the data ba.,- and approache.-

for advancing the state-of-the-art of software cost estimadtion

are also part of this effort.

1.2 GENERAL APPROACH

The data base design is the result of discussions

with government and industry personnel involved in the soft-.

ware development process as either software engineers, cost
estimators or data base developers. It was further refined by

using information from surveys of reports on previous data

collection and data base development efforts, by review of the

1-3



user documentation for numerous software cost estimating models,

and by analysis of prior software productivity, quality and

reliability metrics research.

A standard software work breakdown structure (WBS)

was defined and is used for the data base structure. The

selected structure is based on an analysis of historical WBSs

used at ESD, other structures proposed by industry and a com-

parison with WBS practices for hardware.

Based on the results of this research, data collec-

tion formats were then developed and distributed to potential

participants. Analysis of the feedback from the participants

and the completed data collection formats were used to refine

the data collection package.

Finally, the software cost estimation requirements of

ESD were analyzed to determine what enhancements were needed to

improve the current capability.

1.3 REPORT ORGANIZATION

This report consists of two volumes: Volume I - a

report on the data base designs and data collection methodology;

Volume II - a compilation of the data collected. The following

describes the contents of Volume I.

Chapter 2 of this report details the research performed

to determine the data base contents and describes the elements

that are included, as well as the structure of the data base.

In Chapter 3 the development and implementation of the data col-

lection formats and methodology are discussed and evaluated;

1-4
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recommendations for growth of the data base are also made. Chap-

ter 4 details future efforts that should be undertaken to con-

tinue improving the state-of-the-art of software cost estimation.

A summary of the study results and recommendations is presented

in Chapter 5. Appendix A contains cross reference tables be-

tween the cost model input parameters and data collection formats.

The final version of the data collection package is contained

in Appendix B.

ON

.4.
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2. DATA BASE REQUIREMENTS ANALYSIS

The software development process represents the com-

plex interaction of requirements and resources to produce a

software product. Figure 2-1 depicts some of the major cate-

gories of factors which affect the outcome of this process.

The software data base must contain the data elements neces-

sary to measure and evaluate the impact of these factors.

The contents and structure of the data base were deter-

mined through an analysis of the data reporting practices used

and the data bases maintained by organizations within government

and industry. Of particular interest were those software data

bases whose objective was to support cost estimating or to

FUNCTIONAL
REQUIREMENTS

SCHEDULE REQUIREMENTS DEVELOPMENT METHODS

CODE SIZE PROGRAMMING LANGUAGE

OPERATIONAL
ENVIRONMENT DEVELOPMENT ENVIRONMENT

DOCUMENTATION PERSONNEL QUALITY

HARDWARE
CONSTRAINTS

Figure 2-1 Fact ors Affecting Software Cost

2-1
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evaluate software productivity. Likewise, the data require-

ments for use and calibration of the major software cost models

in use today were reviewed. Finally, additional research was

performed in the area of software productivity and quality

metrics to evaluate alternatives to the current methods of

software cost estimation.

2.1 EXISTING DATA BASES

Currently, software data bases fall into two cate-

gories: those that contain summary data at the system level

and those that contain detail data at the lowest level to which

software can be logically subdivided. To a great extent the

amount of detail is determined not by the requirements of the

data base developer, but by the availability of the data. The

most detailed data bases exist within the development organi-

zations which have a direct influence on the type of data col-

lected for the day-to-day management of a development effort.

Therefore, government software development organizations, such

as the NASA Software Engineering Laboratory, and defense con-

tractors historically have the best data available. On the

other hand, data availability at government program offices is

limited by the existing data items used for reporting software

technical and resource utilization data.

Over the past few years the Data and Analysis Center

for Software (DACS), the National Security Agency (NSA), and

ESD, among others, have endeavored to develop new data items

and reporting methods to obtain software data with sufficient

detail to support the cost estimating process and to develop

better estimating tools. The ESD efforts have resulted in the

development of the Software Acquisition Resource Expenditure

(SARE) Data Collect ion Methodology, which was completed in

2-2



December 1983 (Ref. 6). Both DACS and NSA are evaluating SARE

to determine its applicability to their data needs.

In order to capitalize on the effort expended in the

development of SARE, this project used SARE as the starting

point for the data base requirements analysis. Additions have

been made to the specific elements collected to provide infor-

mation for definitive classification of the system and its

Computer Program Configuration Items (CPCls) and to provide

cross checks for other data entries. On the other hand, some

of the detail required by SARE has been eliminated because it

is not practical to collect. For example, no data are collected

at the Computer Program Component level with the exception of

function and sizing data if that is the lowest level at which

these data are available. Additionally, parameters which cannot

be reasonably determined outside of the development organization

at the time when an estimate is being prepared were also deleted.

2.2 SOFTWARE COST MODEL DATA REQUIREMENTS

A thorough review of the documentation for the major

software cost models in use today (Refs. 2 through 5 and 7

through 14) resulted in the tabulation of the common elements

among them. Appendix A contains cross reference tables showing

the relationship between the data requirements for the COCOMO,

JS-l, SLIM, and PRICE-S models and the data items on the data

collection formats. For those items which were subjective in

nature, the guidelines for making the value judgement were

reviewed to identify any objective factors or characteristics

that could be used to make the proper determination. This was

not feasible in all cases, e.g., the complexity factor used by

COCOMO has extensive guidelines which would require an inordi-

nate number of numerical statistics to replace the subjective

2-3
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determination which would be made by a software engineer famil-

iar with the project. Whenever there was an overlap among the

models, data representing the lowest common denominator and

with the greatest level of granularity were included in the

data base.

In areas where ambiguity may exist even with exten-

sive data entry guidelines, data elements on which the ambig-

uous parameter would be based were also included in the data

base to provide consistency checks. For example, an assessment

of the CPU memory constraint as a percent utilization of the

total available memory does not necessarily indicate a true

memory constraint. Therefore, information about the expansion

capability of the target computer and the reserve memory re-

quirements is also included.

2.3 SOFTWARE PRODUCTIVITY AND QUALITY METRICS

The use of lines of code as a measurement of software

productivity yields a wide range of results depending on the

project. Although alternatives to lines of code have been

proposed over the years, it appears that lines of code will

remain the standard for cost estimation purposes. Many of the

alternative approaches (Refs. 15 through 24) require the meas-

urement of parameters that can only be determined after the

completion of the software development effort, such as weighted

statement count and process (a measure of the number of data

items and paths in a program). Still others are highly cor-

related to lines of code, for example, number of modules. In

general, the research perforn'd on software productivity meas-

urement indicates that, for cost estimation, lines of code is

the most promising metric when used in combination with quali-

t at ire i nform t ion.

2-4
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Therefore, when lines of delivered source code are

used as the primary metric, the variation in productivity from

one project to another must be accounted for by qualifying the

amount of code written using additional productivity metrics

and by the addition of quality metrics. Many productivity

metrics are nonquantitative, such as functions performed, devel- " %

opment constraints, and personnel quality. These can be used

strictly as qualitative metrics for categorization of develop-

ment projects into homogeneous groupings. Alternatively, they

can be quantified using a relative scale, as has been done in

the COCOMO and JS-1 models, with detailed qualitative guide-

lines for selecting a numeric value. The same factors apply ,J.

to quality metrics, such as reliability, maintainability, or

completeness.

Both approaches are valid and should be used in con-

junction with one another. To the extent that a sufficiently

large data base exists, the available estimation models should

be calibrated using the most narrowly defined grouping of proj-

ects possible. The development of new models should also be

based on the most homogeneous grouping of projects that can be

selected through the use of productivity and quality metrics

and still contain sufficient data points to be statistically

valid.

This data base is designed to include the metrics

themselves, based on a definitive set of guidelines, or the

lower level data elements required to derive the metrics.

..

2.4 DATA BASE CONTENTS

The data base can be logically divided into six dis-

t inct categories:

2-5



0 System description and characteristics

• Development schedule data

a Hardware characteristics and constraints

• Development resources and constraints

* Software size and characteristics

- Resource expenditure data.

The data within each of these categories consist of the ele-

ments required to classify the system, to define the develop-

ment environment, and to derive the software development cost

drivers and input parameters for software cost and sizing models.

2.4.1 System Description and Characteristics

A key element of any data base design is the develop-

ment of a classification scheme that can be used to group data

for analysis and for data retrieval. The development of a

comprehensive list of keywords based on the descriptions of a

weapon system at the total system level is essential for match-

ing a new system against those historical data which are most

appropriate for model calibration. By extending this technique

to the software segment of the system, to the CPCI level, and

on down to the module level, a more restrictive selection can

be made as the new system is defined in greater detail. Fig-

ure 2.4-1 shows the elements used for this progressive classifi-

cation of a system.

Descriptive data defining the mission of the system..

the hardware interfaces, the functions performed by the system

as a whole and by the lower level components of the system are

included in this data base so that keywords for data retrieval

and classification can he developed. As the number of projects

2-6
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SOFTWARE DEVELOPMENT PROJECT

" MISSION DESCRIPTION * HARDWARE INTERFACES_-

" SYSTEM FUNCTIONS * SOFTWARE FUNCTIONS

* TARGET COMPUTER CHARACTERISTICS

COMPUTER PROGRAM CONFIGURATION ITEM

* FUNCTIONAL DESCRIPTION . DEVELOPMENT PERSONNEL QUALITY

* SIZE PROFILE BY OPERATION * OPERATIONAL RESPONSE REQUIREMENT

* SOURCE STATEMENT TYPE MIX . DISPLAY REQUIREMENT

* PROGRAIMING LANGUAGE 0 TARGET COMPUTER CHARACTERISTICS

MODULE OR UNIT

* FUNCTIONAL CATEGORY 0 PROGRAMMING LANGUAGE

Figure 2.4-1 Software Classification Hierarchy

documented in the data base increases, some of the other data

categories, such as hardware constraints, can also be used to

further restrict data selection or to provide a more homo-

geneous grouping.

77

2 .. 2 1ev ment ...... . ....Schedule %)ata

Schedule (at R are( ci)llIect ed by ma K<r dev\elopment ii I- g

s tene at the syst en I -ve I arid tor vC~cb (tV : il the svst (Ill. -

.Q

p."
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14 These milestones define the schedule to a level of detail suf-

ficient to segment the effort into the major phases of the

software life cycle, from project start to the start of the

maintenance phase. These data, in conjunction with the monthly

resource expenditure data, are used to determine the relative

effort expended for each phase of the development. Both the

original schedule dates, as well as the actual or estimated

milestone completion dates, are included so that an assessment

can be made of the degree of schedule acceleration. A subjec-

tive rating of the perceived schedule acceleration or stretchout

is also included to determine its impact on the development.

2.4.3 Hardware Characteristics and Constraints

-i Information about the target computer is necessary to

determine the timing and sizing constraints under which the

software is being developed. Central processing unit (CPU)

memory and timing utilization data are specified with supple-

mental information indicating the use of extraordinary meas-

ures to reduce size and the amount of software which is time

constrained. Additional data about the expansion capability

of the hardware, the reserve memory and time requirements are

also included to determine whether the constraints indicated

are real or perceived.

To allow for the grouping of software developments by

class of target computer, especially for standard architectures,

the computer used is specifically identified and the maturity

of the hardware and the virtual machine is assessed. Instances

of corncurrent hardware and software development ire indicated.

2-8
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2.4.4 Development Resources and Constraints

There is a general consensus that the development en-

vironment and personnel factors are major contributors to the

variation in productivity among software developments. This

data base is designed to characterize the major components of -

the development environment which impact software cost.

-5-

The tools and methods available within the develop-

ment organization are identified at the system level and their

usage is rated for each CPCI. The characteristics of the devel-

opment computer arp compared with those of the target computer.

Since access to the computer resource has a direct impact on

productivity, the availability of the computer, as well as the

access mode and computer location, are specified.

In the area of hardware cost estimation, it has been
accepted practice to apply an improvement curve to the produc-

tion of multiple units of an item. Although d direct analogy

cannot be made for applying an improvement curve to software

development, the experience of the development personnel in

the weapon system application and with the development tools

and techniques used will impact the overall productivity on a

project. While software developers are involved in the famil-

iarization process with the development environment, the design

and code produced are often less than opt imal and result in

increased failure rates and redesign effort. Therefore, infor-

mat ion about the experience of the personnel assigned at the

start of the project is criptured in th. (tata base.

Irn idd it ion to the c-ff c ts of personnel qua I i t on-

the costs of a projec(, t, the ava ilability of personnel will "

1 ikewis, aff'ect the schedule and manloadi ng prof i les for a

pro.ject. Although these data a -re not a direct input int ,no iny.

2-9 0
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of the models, they can be used to analyze calibration results,

in particular for SLIM which uses project duration, as well as

development manpower, in the calibration process with the

assumption that manloading is unconstrained.

2.4.5 Software Size and Characteristics

The type of software size data included in the data

base is driven by two requirements:

* The need for size data at the CPCI level
with al locat lois to various funct ional
characteristics, processing modes, and
languages to support the specific re-
quirements of several cost models

0 The need for size decomposition to the
lowest level available with functional
catcgorization and language identitica-
t ion to support sizing by analogy
requirements.

The model-specific allocation data at the CPCI lev'el , such s
source statement mix, can also be used to gro(ut) (CI s inut

homogeneous groupings I or model cal ibrat ion and nmde 1 deve I op -

ment research. The lower le'el ofI unctional detail provides

data for in-depth analysis ()f variat ions in product ivity or

cal ibrat ion results among a group () programs that appear to

be homogeneous at the CPCI level

To further clarify the magriitude (oI the dc xc] opitin

task, addi t ional data about the amount ()f r ustab t. () r 111(i f i.

C(Ode is required. This element will e ph , rt JI ul,rlv useful

-. t)r evaluat ing the impact that Ada wi I I hav. in thi, ara(.

.. )

.4.6 Resource Expei(diturc l)at a

Ordin~iri 1, c()st data are )tained in titrms (10 lai s.
-e, -) t i c n t r , (t (( l1

ttowever, there a r' many problems inherent in t hat al)pro)ach•
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F 'i r st of Il I, the data must be no rmaIi zed tLo a coimion base

Year to el iminate the distort ion which is caused by Iiaflat ion

and to make data front dif ferent t ime frames comparable. N ext,

the effects of d iffte ren t labor ra t es due t o t he geograph ic

I ocat ions of the developers must be accounted for in the data.

Final lv, the data must be normal ized for the impact of differ-

-n t overheatd rates arid charging pract ices for other di rect

cos t s. Th is normal izat ion p~rocess is very mnt ricate and would

rcqui re t he, (o1 Iec(t ion (ot addi i onal dait a celemenits , such as

l abor and overhiead rate:s . I n any i ns taiin ces, th cs c d at a aIre

p)ro p ri e t ar v tO a)i p a rt i c(uI I ar ,,ompanitvy an dii t f i c u I t to obtalin

b-catuse they are- co)mpe t it i \' seris it i ve

Most dat a normaj I I at I on problIems are iv'oi dt-d when t he

cost d at a ar c0 co cIck ted In[ t c r mis of manripower. The on 1 i a d jU'st -

mien t requ i red I n thti s cas is the conve rs ion ot t he dait a t o ai

V omilion017 un i t of mrinpo)wer inca-su rcmen t , su& h as, manimon t h,, coniposci

ot 'Ia sp (c If ic rnumber of ma-nhours. Thu la bo)r -on!i, en oI the

Iiiinpowt r i s evai 1 ua ted t In rsurme t hait t hic (Lat a tor A I pro e(' t

ret. -t r It t he. aIi t Yp1es of a ct ivI t i u s fr u~xaiipl ds i )2,n

rid1)r f)rr Ammllfm r bt 101 t er- i I su por t

Ilie FSI da t at base- deitgn re('IresI t hatt reso(urwe Ut I I-

taIt io ()tdlt a ht (Xmss((l in ec .(u i\' I len t iinlion t hs, I 17!( hou r- aid

inipae i ri I (-rmns o f mont hs af te r con t rac t a\.a trd o)r 1)- 1V

t irl I he d'it aj 11-,c i[1 01j, d "(I~ tc til t ha- k 11 ht\' V i Us 1-d

t. I U,11 t I lie k.-i I c i gh V U V.(. I I iiphas" I rig u. seci K SIM ari1d JS - I

t1( h. res-,0u rce a i I ocat i on by phase ime-t hocd I ii C()C.M(). TheyWV

h., -;c st IS Ic t 'mr appropriiate Imet hmd f ronii1 t le k io ices,

I "d I )Rn CH 1.1-



2.5 WORK BREAKDOWN STRUCTURE

Since the work breakdown structure (WBS) is the scheme

generally used for organizing cost data and for reporting cost

performance on DoD programs, the WBS methodology has been se-

lected as the structure for organizing the software cost data
base. This decision required the development of a standard

software work breakdown structure for integration into a project

WBS defined in accordance with MIL-STD-881A (Ref. 25). In order

to facilitate comparison of projects at the lower levels of de-

tail, ESD must adopt a standard WBS with detailed definitions

comparable to those in MIL-STD-881A. Ideally, this standard

would be accepted by the other DoD software developers.

The WBS definition began with a review of the WBSs in

use for cost performance data reporting at ESD. The analysis

encompassed all act ive KSI) programs, as well as projects com-

pleted within the last ten years. In general, older projects

did not use a detailed WBS for software and in many cases the

software effort was located below the reporting level. Over

the years, the level of software lt tail reported has been in-

creasing in parallel with the growth in the importance of soft-

ware for ESI) systems. The majority of projects now obt ain

cost data at the CPCI level.

The result. ,  () t he. ibov'e r(,vie, we.re, tht.n '(i)pared

with .everal pro( se(l ,oltwtre work tr-eikdwrn .tructurts (R s. 6,

20, 27, 28). In c)nt rast to the pr()duct-()ritented st ructure

ident if tied in MII.-STI)-881A, many of tht prop()ed approaches

iI.'e cither in acc()unti rig or a funct ilonalI orientit ion. I Howv'ev r,

these oither approache.s .irc riot incompat iblt with a product-

()riented WhS, since the funct ional and account ing shredouts

Cir be Imiat-e within a product-oriented WBS below the lowest

pri)duct lc.'l.of jut .re.t For software developments the CPCI

2-12



level defines a natural subdivision of the product and is the

level most commonly used for cost estimating. Breakouts below

this level are either artificial, such as the CPC, or are at

too great a level of detail for cost effective data collection,

such as the module. Therefore, the CPCI has been selected as

the key element to be included in the software work breakdown

structure. Extension of the WBS below this level will be left

to the discretion of the developer.

Above the CPCI level, a software effort can be log-

ically subdivided at the system level into one or more sub-

systems. Each subsystem can then be divided into one or more

CPCIs. Although a software subsystem is a logical and not a

physical entity, it is still analogous to a hardware subsystem

and should be treated in the same manner. The recommended WBS

shown in Table 2.5-1 is an enhancement of a MIL-STD-881A WBS -p

with software subsystems in parallel with hardware subsystems

at level three. Support software is treated as a separate soft-

ware subsystem. Ea, h software subsystem is extended to level

tour into a breakout of the subsystem design activity, the

subsystem integration, and the CPCIs of which it is composed.

This WBS is based on an alternative presented in SARE. The

other alternat'ives in SARE were rejected because they do not

cover any situations that cannot be handled within the recom-

mended approach and could result in confusion and inconsistent

appl i cat ion.

During the data collection effort the recommended WBS

,as discussed with severa l defense cont ractors and the general ,,

react ion was f av'rabl Ifhe recommended WBS was similar to

those being ad)pted by thfse contractors for their internal PJ-

management requireme{nts. These cont ractors also stressed the

need f or st andardizat i on.

2-13
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TABLE 2.5-1

DEFENSE SYSTEM WORK BREAKDOWN STRUCTURE

Level I Level 2 Level 3 Level 4

Defense System
Prime Mission Equipment

Integration and Assembly
Hardware Subsystem or End Item I

Hardware Subsystem or End Item n
*Software Subsystem I

Subsystem Analysis & Design
Subsystem Integration & Test
Computer Program Configuration Item I

Computer Program Configuration Item n

*SWf twre Subsystem n
",Support Software

Computer Program Configuration Item I

Computer Program Configuration Item n
Training

Equipment
Services
Facilities

Peculiar Support Equipment
Organizat ional
Intermediate
l)epot

System Test & Evaluation
Development Test & Evaluation
Operational Test & Evaluation
Mockups
Test & Evaluation Support
Test Facilities

System/Program Management
Systems Engineering
Project Management

:Replaces Computer Program at Level 3 from MIL-STD-881A

2-14
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Vat.

TABLE 2.5-1

DEFENSE SYSTEM WORK BREAKDOWN STRUCTURE (Continued)

Level I Level 2 Level 3 Level 4

Data
Technical Publications

Engineering Data
Management Data

Support Data

Data Depository
Operational/Site Activation

Contractor Technical Support .

Site

Const ruct ion

Site/Ship/Vehicle Conversion

System Assembly Installation &
Checkout on Site

Common Support Equipment ,

Organizational
Intermediate
Depot

Industrial Facilities

Construction/Conversion/Expansion

Equipment Acquisition or Modernization

Ma i ntenance
Initial Spares & Initial Repair Parts

2.6 DATA BASE STRUCTURE

Tl'he(lata base is organized us inj_t he recoiiunended WBS.

At level one, the defense system, data descri bing the system

i ss ion, na'jo)r func t ions, hardware i nt erf aces, devel opment

to 1 s and met hodo 1 og i , s , system I evel d oc umen t at i on page count 

and change hi st ory are co I Icc ted. Add it i )na I dat a (.;c rib) i n g

p roduc t c ha ract e r i st i cs , t he deve 1 opmen t c 1v i ronmen t , and de\' I -

opmen t resources are co I I ec t d at t he CPCI 1 eve I f or t h os' 

c tm n t s th.t iare d i f , rcri I I o r e a(ch CPCI. SvbIedu le anid la i I-

ure data arc ,lso oldcAtcl ,1t this levl.

Sizing and tuner ionial data are col I1ct d, at a minimum,

to the CICI I evel 'r (- ost est imat ion and down to t he lowest ,,

l.vel avai la ble or siz..c est il iat ion . RtSu1ur 1. .xpcIldi tur ,I
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data are collected for every element of the WBS that applies

- to software only. For projects that are entirely software,

- cost data are collected for all elements of the WBS.

During the data retrieval process, analogies are pro-

gressively developed starting at the defense system level to

*" select homogeneous projects for further analysis, continuing

at the CPCI level to select CPCIs for software cost model vali-

dation/calibration or development, and at the module level for

sottware sizing. Depending on the size of the data base and

. -the sample size requirements for a statistically valid analysis,

*restrictive criteria are selected from the characteristics and

- functions at the appropriate level to select a homogeneous

subset of the data base.

A -
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3. DATA COLLECTION METHODOLOGY

The establishment of a data base from the design de-

scribed in Chapter 2 required the development of data collec-

tion formats and a data collection methodology. The approach

taken also provides for use of the formats for future data

collection to maintain the data base and for data collection

for cost estimating model input. Appendix A contains tables

which cross-reference the COCOMO, SLIM, PRICE-S, and JS-i cost

model input parameters to the data collection formats. In

addition to detailing the methodology developed for the initial

collection, this chapter also proposes approaches for data

base maintenance and growth.

3.1 COLLECTION FORMATS

The data collection formats were developed using the

Mitre SARE (Ref. 6) formats as a strawman. Formats developed

by DACS, NSA, NASA-SEL, and the Aerospace Corporation were also

evaluated and the best elements were selected from each of the

different approaches. Other elements represent new designs to

enhance clarity and useablity or to add unique data items.

Four separate formats were originally developed to allow for

the different software decomposition levels at which data items

would be collected. As a result of this initial 'data collec-

tion effort, a fifth format was developed to separately collect

hardware data. The data collection package also includes a

comprehensive set of instructions. Figure 3.1-1 summarizes

the contents of each element of the data collection package.

3- 1
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[k ~SOFTWARE DEVELOPMENT ''"
PROJECT SUMMARY DATA

* DESCRIPTION

0 DEVELOPMENT METHODS

* DEVELOPMENT TOOLS
B SCHEDULE DEVELOPMENT AND
* DOCUMENTATION TARGET COMPUTER DATA
* CHANGE HISTORY 0 DESCRIPTION

0 MEMORY UTILIZATION

* TIMING UTILIZATION

* DEVELOPMENT LOCATIONS
* RESOURCE CONSTRAINTS

. -- CPc I

SUMMARY DATA
0 DESCRIPTION

* SCHEDULE

& PERSONNEL
OUAtITY

* SIZE RESOURCE

0 CHARACTERISTICS EXPENDITURE DATA
DATA COLLECTION * DOCUMENTATION 0 PROJECT NAME

FORMAT INSTRUCTIONS 0 FAILURE HISTORY 0 LATEST MONTH OF
" ITEM BY ITEM ACTUAL DATA

INSTRUCTIONS 0 MANPOWER METRIC

* DETAIL GUIDELINES 0 WS ELEMENIS

0 CO ILEXITY TABLE MONTHLYFUNIN AN

* GLOSSARY EXPENDITURE DATA

0 RECOMMENDED RS E LINES OF CODE

0 FUNCTION TABLE * WORDS OF MEMORY

POGRAMMINGLANGUAGE

* FUNCtION

0 NOVE(TY

Figure 3.1-1 Data Collection Package

3.1.1 Software Development Project Summary Data

This format (Figure 3.1-2) is designed to collect data

at the top level of the WBS, the defense system. It includes

descriptions of the mission of the system as a whole, specifi-

cation of the hardware interfaces required, identification of

the system functions and the allocation of those functions to

the software elements of the system. These data are used for

classification of the system so that it can be grouped with siie-

ilar systems for analysis and for model validation or calibration.

The format also contains a checklist of commonly used

software development tools and techniques. These checklists

are used in conjunction with data elements on the CPCI Summary

Data format to develop inputs for several cost models requiring

an assessment of the development environment. A schedule at

3-2
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the total project level is included to faci i itate allocit ion

of resource expenditure data to the different phases of the

software development process.

System level documentation page counts are requested

as a prospective variable for use in estimating documentation

cost and for measuring software maintainability. A software

change history is also included for an evaluation of software

requirements volatility and its impact on software cost.

A copy of this format is prepared for each project

and is used both for additions to the data base and to collect

cost model input parameters for an estimate. It can also be

used to collect data for analogy selection at the project level.

3.1.2 Computer Hardware Detail Data

This format (Figure 3.1-3) is designed to collect data

about the target computer on which the software prodact will

operate and about the computer on which the software is being

developed. The constraints of the target computer are identi-

fied to define the operational environment for the software.

The memory and time utilization by the software is specifi d,

along with reserve requirements and expansion capability, s()

that an assessment can be made of const raint ) on t he de'elIlp-

ment process caused by these operat i on,-il requiremni s. Iht

development computer characterist ics irid its e ttect ivcness as

a resource are likewise addressed.

This format is prcp'ared for eaoh target coplliuter irl

the system and its related development computer. It is used

for additions to the data base and for collection of cost model

i put pa raie ters,
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t he cost mode s, the software size is al]ocalat d t 0 dit fer, nt

functional operations, source statement mixes, programming

languages, and operational modes. These size profiles can also

be used for de'eloping analogies. Several software quality

measures required by the models are included. Additionally, to

prospectie !ieasures of software quality, that is, documentation

page count and " i lure history, are collected for fut ure research.

This format is p, -,a red for each CPC I in the sys t cm and

can be used for addi t ions to the dat :i base or to collect cost

uodel input paramt, ters.

'3.1./4 Resource Exj)vnditure bata

This format (Figure 3.1-5) is designed to collect data

oi. upower resource expenditures for a project by CPCI, WBS

RL$OLTIlCE [XPEXDITUY ; " LICI*C 164

C'c -CP 1'l 0

36

F igu re R l - )  -,..ource Experditurc" Data F-ormo
-7
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element or other aggregat I ,n of data. |"or this init ial dat a

collection effort, it allows the data provider to supply infor-

mat ion to the lowest level of detail that is available. Aggre-

gation of the data to appropriate levels for inclusion in the

data base was performed after the receipt of the formats. If

this format is used for collection of data on future efforts,

the WBS items to be inciuded can be specifically identified as

a requirement.

The format is structuied t(. collect dita by month

relat ive to the contract award or project start date. F)r

ongoing projects, the last month for which actual data are avail-

able is indicated; estiimated data are used for the balance of
the development project. In order to minimize the data conver-

sion required on the part of the format preparer, manpower data

can be included in any units as long as the basis for the units

is identified, for example, manmonths representing 152 manhours

,it effort.

I rmat is used for adding projects to the data

base and up to five 'iL. e ement s with 60 months of data can be

entered on each form. It does . n. tain any entries required

for cost model inputs; how&ever, it , ' ikely be useful for

updating cost estimates for ongoing pro je.

3.1 .5 CPCI F:unc._tior and Sizing Data l)etail I

This format (Figure 3. 1-6) is designed to col lect sot t-

ware size and funct ional data to the lowest level ot detail

avail able. It const itutes a decomposi t ion of a CICI (lown to the

module level . The function definition is select(d t rom at

of electronics systems software functions contain.d in the in-

st ruct ions. Sirice this tablIc is not i41 l-inclusivc, the foraitt

prepParer can specify a unique function category for- an elenient

%-%
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Figure 3.1-6 (omputer Program Configuration Item Funct 1io"n
and Sizing Data l)etai Form

Each module is characterized according t o iLs (degree "-

of novelty to clar fy the magnitude of the development task:

* Reused Code little or no modification

* Reused Code - extensive modification

* New Code.

To increase the flexibility of the data base, sizing

data are crilected in two ways:

0 .ines of source code, excluding comwients ?

* Words of CPU memory occupied. O

. .. um~ m m~n.d iVd'l'n. al[ i'3,9 ..



Size i nformat ion is request eci in I i nes of S()urce code because

that is the measure currently used by most models. Words of

memory occupied are also requested so that object instructions

can be estimated, since most sizing analyses performed during

system development are done in memory words. Moreover, PRICE-S

requires size data as executable machine instructions, which

can be more accurately derived from the memory word count than

from lines of source code. The language in which each subele-

ment is programmed is also identified on this format.

This format is prepared for each CPCI and documents

eaCh subelement into which the CPCI is decomposed. The primary

purpose of these data are for use in software sizing models.

They can also be used to cross-check the size distributions on

the CPCI Suriunary Format and to evaluate the memory utilization

efficiency of different languages.

i.1.6 Data Collect ion Format Instructions

The dat a co I I c t ion format i ns t ruc t i ()n beg in w i t h a

ciescript i)n of the ()b , cct iv of the data ('01l ect i)n effort and

t h( ive dat a ('01 I ec t i)n format s. A separat e sect ion of i n-

ru(,t i)ns f)r ecach It )rmat fol lo s with it tm-hy- i tein inst rue-

t I(,ns De fi n it ions of spec I i c (a t a it ems ire part of t he

it em inst ruct ion, it appropriate. Sub Iect i v items In('iud(, a

(t I i i'-d set o f guidteI' irn(.s drawn f roji k e,t mod(el inst ru(t ion.

I 1 t ittI e)nr-,ist('rI evat ti n t On i I 5 a rnge- of 1).roject .

A gls(),,ary dfl i lie, an\, s()twr,-e engin eri ng terms used

iit the inst ru(t i)ns, ,is ,(,I I as so tw r. developi .nt leiI st()rit.s

arld reviews. Th is glos sar-y was develope()d using the drift M 11-

STI)-SIDS ( R f . 29) as th e primary so ur-ce oft def init inS ; this

los,<rv sh()u l I re i-,'(l t ref I e tl t tlie I ma~ I ,,-rs ion )t t ht

- indard ,,hcn it is ,i. t. A(d it i on.lt it s(.n were tiken f r(n

-10 p
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Refs. 25 and 30 through 33. Finally, Refs. 2, 3, 4 and 5 were

used for model specific definitions.

The instruction package also contains a table of stan-

dlard software funct ion categories , developed under the SARE

effort , to be used in complet ing the CPCI Function and Sizing

DetailI Format anl( the recommiended work breakdown structure to

be used for the Resource Expenditure Form.

Although the instruction package is sizable, i t is the

m1inium-required to insure consistent interpretation of the data

requi rements. It eliminates much of the additional explanation

that is given verbally when detailed instructions are not. avail-

atbl e in writing. The initial feedback from industry has been

t hat the package is quite clear and wellI-conceived . Residual

ofu e stions from participants in the data collection have been

relat ively few.

3 .2 COLLECT ION APPROACHES

'I hi~~t of I t fy eent approaches were select ed for t he i it i al

(fa t a col Iec t ion:

* Met hod_ 1 D Ia t at coIlI ec t i on f orms comn-
pleted by defense contractor

* Met hod 2 - - Dat a forms co)mpiet ed by pro-
gram off ice

0 Me thod 3 - - Ha t a fo rms c omple t ed by TAS(;
Arla Iv , t i j, inrg pi-ro -ara )f fice( document at ion.

The re I it i \'e t. tI I i i enc.% of theifse approaches was evalIuat ed when

the, (it t a (01 I yr t i onr f oriiia t s Were ('(mlp I e t ed



Method I depends on the wi 1 ingness of companies to

divulge proprietary data about Government software projects to

a third party. On this project , cooperation of the defense

industry was obtained through the use of previously established

professional contacts. Because of TASC's corporate policy of

not contracting with defense contractors, the participants had

no concerns about a possible conflict of interest. Typically,

after the initial contact was established and a commitment to

furnish data secured, constant tollow-up activity was required

to ensure success. This follow-up activity included a visit to

the contractor facility to gather feedback about the data col-

lection formats, to identifY areas of ambiguity, and to evaluate

the quality of the data furnished. Each participant was offered

an aggregated, non-attributable tabulation of the data furnished

by all of the participants for use in evaluating his own data.

Method 2 is dependent on establishing contact in the

program office with an appropriate individual familiar with

the software effort for the project. The reward offered for

participation, that is, improved software cost estimating sup-

port in the future, is less tangible for this approach. There-

* fore, the fol low-up act ivity must be even greater than with

the f i rst approach. Since the data sources at the program

* ffice are limited primarily to the existing data reporting

i tems, the program off ice contact must interact ext ensively

with the. de ve'lopnint contratctor, fspecial l for personnel chir-

it ttr , t i a rIidll i r ut i zat i on d it a.

Method 1 is dependent on thte qualit " and cmipleteness

dt, (t e Uli iitat ion tviil~abl- t>r t pro, .t. Since the analyst

pirtovi- ling the daIta extrat ion is not usually tamiliar with the

)roralfl , the proce'ss can bt verY t ime ('onsumi ng and not all ot

th I dita I l nieit s require(d ir(, ivai l iblIc in the doc uiite ltat ioni.

I h-rt-lore, iddi t Ijonail e.f lf u t was r,(Iui red t o o lt in m issi 11,,

d,iI i f rom Ithe program office or the software dre\' loper.
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All three approaches were used on this effort, although

not with the same emphasis. The majority of the data was ob- V.

tained through the defense contractors, because they have more

direct access to the data, minimizing the potential for errors

and misinterpretation. Table 3.2-1 summarizes each approach

with its prerequisites, advantages and disadvantages based on

the results of this effort.
,1. 2%1

3..3 DATA BASE MAINTENANCE AND GROWTH

The data collected under this effort is documented in

Volume 11 of this report. Although it provides a solid basis

for initial analysis and model calibration, the continued evo-

lution of the software development process and the need for

additional data points to permit more narrow definition of

homogeneous groups requi res a dynamic data base. Opportuni ties

currently exist for inuiediate additions to the data base; how-

ever, they must be supplemented with a mechanism for regular

data collection during the system acquisition process.

3.3.1 Dat a Co I t i on Me t hodu logy

There are four methods that can be employed for adding

projects to the data base created under this initial effort:

* Use the final version of the data collec-
t ion package developed under this effort
as is" (Appendix B)

0 Cr(-at"- j i jjrjjIl !),ita Item Dl script ion
(1)I!) ! f r,' t ,h ('1 1 t'I ct i On package
deve I p.d un(tr this c f fort

* F<Orm I ly mod I fy exi sting or p1 anned dat a
it em d es ript ions to inc I ude t h, t a

lement ; p(c i fId in th , data ),a1(s design

-- € - -- J I *k .. . .0+ '
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* Prepare inst ru('t ions to be used for tailor-
i ng exi st i rig dat a i Lemis to re port d at a
spec'i f 1e i( 1n t lie dia base (design

'The first mwt hod is a ppropriite I-r collecting (cia!a to dcrive

t he i npu t pa rame t ers f or t he c os t modelIs u sed to( develop an

estimate or to support a source sel ect ion an(1 to adId compl et ed

projects to the data base. This collection package serves as

a replacement for ASD Fornm 169a , sinrce it i ncludes not on lv

the data collected on that form, but also additijonal data for

cost modelIs which are not covere:d by Formi 1 69a . 'Ihe( last t hree

methods are applicable for col lect ing dat a on new proje cts for

the- dat a base or for monitoring performance on those projects.

lmplemiien tat ion of t he first two miethPods is based( on

the final version of the formats r-esul t ing f rom the f ee db ac k

f r om t he in i t iii a o Io I e c t i on (: f fo rt . If- t he f (-)riia t s are nlot

going t o be used as formal cont ract dat a requ irement 1 i s t ( CDR 1)

i tems, the f irst met hod i s used. Lkoca' 1 1 orn,1 fuiiibters art- as-

signed and t he pack age I s road v for- use. On the o ther hand, I f-

t he forma ts aire- go Ing t o hK ''med aIs C011t F'aCt L del V i\(raf(' I CS

then t heyN must be Iorma I Iv t-st aPIi shod iis dat a ittems w ith in

he requ ired refv iew and aipp ro\'ii I ,Y\cI e

'ih c last tO 111o 0 t I hoodfs a re imiip I011101 0(- n dbv i d en t i Vn

the speci I Ic dat a it ems1 ha1 it are appropri It e- for rc('0)1t I ng~

s ubs etIs ofI t hE d it a elm nt I- IAnt I Ine 'd InF thIIe (fi 1t I c, W t l oll

f orma ts. In Rot- 35 the -w iniinary report for t his, oft fort

the tol l owinrg I i -ot of (I it i t ti- '-t ! ~ cllli'!~~ Iil '~

0 (js t I 1 inic' ( por-t s (11 -1- (' O(: 'Ind
)1 - I' - I10 I . \ / t ' i I I(' r I ()I111,1 t I

d'i ~ ~ II



format 4 of the Cost Performance Report
to show manpower by WBS rather than
functional area

0 Program Master Schedule (DI-A-3007 and
DI-A-3009) - Identify specific software
development milestones at the system and
CPCI levels to be included in the schedule
submi ssions

* System Specifications (DI-E-3101A, DI-E-
3102A and DI-E-3117) - Add a format sum-
marizing mission, functional, hardware
component, and software component data

• Software Development Specification (DI-E-
3119A) - Add a format summarizing the
major software functions and the CPCIs

0 Software Product Specification (DI-E-
3120A) - Require functional categorization
by standard category as part of the module
descriptions

• Software Sizing and Timing Analysis Report
(Dl-S-3581) - Require sizing information
at the module level in source lines of
code, as well as CPIJ memory words; incor-
porate a format identifying the hardware
configuration baseline against which the
analysis is made and include information
about expansion capability and reserve
requi rements

0 Software Development Plan (R-DID-103)
Require a summary format identifying tools
and techniques to be used, development
computer characteristics and constraints,
and an experience and quality profile of
per:;onnel assigned to the project.

It these changes are incorporated, most of the data elements

required for the data base will be available directly. The

balance can be derived through analysis and aggregation of

detail data from the reports.
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Fo ria I aod i f i ca t I on o f the ex ist ing dat a i tems "ill

requl re the full re-v iew and approvalI cyclIec, wh I Ic -i nst ruc t i on.,

tor t ai I or rig t he da t a i t ets can be i tlplIemtent cd Ilocal Iy . Hlow-

ev'e r, s Inc c t he Joint LogIs t ic s Commande rs ( JLC)h)JI n t PolI icY

Coo rd m a t i ng G roup on Comapu t er Resou rce Managemen t I s i n t he

process o)f develIop Ing rev Ised da t a i t era desc rip1)t 1ons (Re f. '3/4

f or report ing on so f twa re p)rojcc t s, fo rmal m od if icat ion of

exi st ing dat a I tems which are to be replaced by t he iLC yen-

sions is not necessary. Instead, ESD should work to have their

requ iremae nts incorporated I n to t he .JLC ve rs Ions. Separaite

aIct ion W1 I I on ly be requi red t o modifty t he cost performance

dat a i t ets . Tal-ble 3.3-1 summarizes the recommended changes to

t he J LC da ta i tem desc r ipt ions requ Ired t o mai1nt ai1n t he l'SI

So ftwaire Da ta Base .

Th e P rog ram Mas t e r S c hcd u I e d at a i t emti doe s no t ne ed

mtod i fica t 1on; howeve r, Ih e ajpp ropr ia It t milIes tones an rd Ie ve 1.s

of det all Inequi red for sof tware mtust be speci fied in the con-

t ract .Th e c.,h ange s t o t he ot hecr datI a i t emts aire req u ire d i n

order to insure that the dat a are provided consi stent ly trout

One project tor another and can easily be extracted for incor-

po ra t o )ri i nrt to t he dai)t a ba s e. Th e s uma ry fo rittt s , wh i ch arec

t o be added, shoulId be s t anda rd f orma ts wi th dcet a ilIed i ns t ruc,-

t I ons equ i valI en t t o t hose preparedI unde r t h Is e f fort T Phese

I oraw ts shoulId be augmtentI ed w It h s t a(ida rd t at) 1 e.- o)f keywo rds0

or C ls sfy in g s yst ct-ilS , s uc(h ais Ia ab I B -2 i n A pp cn d ix B to

t h is report . ab I) e B -2 i t se If neetdst be tfurtther ref FU tICd to

n c Iu d ot h er t ypecs o f s ys t e tti s.

3. .2 Add i It' on aI D~,I at Sou rc es

Since thIis e'(f to)rt rorisisted of only art initial c'ol Itc-

ion to) develop a tjti 'pli ty lirti iiel t e ;t t i (01 co (ctif iOi

'jpp roalch, eve ral Ipo)t e 11t ia ;l i't a sou rcec wi ch were'tT i dclent i t 1 e~d
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during the study were not actively pursued. These sources can

be used to substantially increase the size of the data base in

the near term.

Although ESD program offices were used as data sources

on a limited basis, the bulk of the data was collected from

defense contractors in order to concentrate (fn sources to which

ESD does not have easy access. Therefore, ESD cost analysis

personnel can collect data directly from those program offices

which have ongoing or recently completed programs and were not

used as sources during this effort , for example, SPAI)OC, WIS,

and Berlin Radar.

In October 1983, The Aerospace Corporation completed a

software sizing survey (Ref. 28) for the Air Force Space Di\'i-

sion (SD) which contains size and function data for ten systems.

In addition to the sizing data, Aerospace collected many of the

same data elements that are included on the Project Sumtarv,

CPCI Summary, and Resource Expenditure Forms developed under

this effort. Although many of the systems in the SD data base

are space-borne, there are similarities in complexity, relia-

bility requirements, documentation, and timing and sizing con-

straints, as well as the development environment , to many of

the embedded systems developed for ESD. A coordinated effort

with SD to collect the missing data elements and to establish

a data sharing agreement for the future woul d result in sub-

stantial benefits to ESD.

Finally, there are many other organizations within the

1)ol) who are involved in sottware development and are in the

process of developing software data bases. Data sharing agree-

ments with these organizations can yield additional relevant -

data points for the ESD dat a base.
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VI

4. ADVANCING THE STATE-OF-THE-ART OF SOFTWARE
COST ESTIMATION

The development of an ESD software cost data base is

only the first step necessary to enhance the software cost

estiniation capability at ESD. These data can be used to fine

tune existing cost estimating techniques and to develop new

tools based on ESD experience.

0 '*

4.1 DATA BASE AUTOMATION

A data base with as many distinct elements per project

as the one developed under this effort becomes very unwieldy

even when it contains a small number of projects. As the data

base grows, the update and maintenance tasks require mor( effort

and data retrieval becomes a tedious, time-consuming task. Man-

ual transfer of oata into model calibration or model devel-

opment format can introduce errors which may invalidate the.

resuls. Automation of the data base can eliminate many of
these problems and significantly increase the useability of

the data base.

The automated data base should have the following

capabilities:

0 User friendly data entry with error
checking

• Data base editing and update

/4-
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* Automatic data base back-up

0 Keyword search and retrieval

* Input file generation for statistical
packages and software cost estimating
models.

The keyword search and retrieval system coupled with the ability

to generate input files to models will minimize the resources

required to assemble homogeneous groups of data for model vali-

dation, calibration, and development.

4.2 COST MODEL VALIDATION AND CALIBRATION

Because cost models, such as PRICE-S and JS-l, are

based on specific sets of data that may not be representative

of ESD software developments, they should be validated for use

by ESD. Using the data base developed under this effort, ESD

should evaluate the COCOMO, JS-l, SLIM, and PRICE-S as predic-

tors of cost for software developments representative of ESD

experience.

Initially, the ESD data base should be compared with

the data used to develop the cost models which are to be val-

idated. The major similarities and differences should be

identified to facilitate analysis of model outputs. The input

parameters for these models are extracted from the historical

data so that the predicted cost and schedule can be compared

with the actual cost and schedule data. The results are then

analyzed to identify the cause of any anomalies and determine

the accuracy of the models. The time-phased resource expen-

diture data generated by the models should also be compared

with the historical data to determine its validity.

4-2



If a model is found to be suitable for estimating ESD

software development cost and schedule, it is calibrated for

homogeneous subsets of the ESD data base.

4.3 ESD-UNIQUE MODEL DEVELOPMENT

The validation effort described in the previous section

may result in the identification of serious deficiencies in S

the commercially available models. If the calibration feature

of the models cannot compensate for the differences between ESD

developments and the projects represented in the model data

bases, the development of a model unique to ESD is required.

Development of the model begins with a statistical

analysis of the data base to identify the best predictors of

electronics system software development costs. Selection of

model variables would concentrate on those data items that are

available to the estimator or can reasonably be predicted from

historical data. Anyone who has ever developed an estimate

is sensitive to problems of data availability to support esti-

mat es.

Based on the results of the data base analysis, a

comprehensive software cost estimating model would be devel-

oped with the following features:

* Cost estimating relationships which account
for variations in software development cost
due to the characteristics and requirements
of the system, to the expected developnment
team prof i I e , and to the development
envi ronment

0 Historical ly-based resource expenditure
profiles

4-3
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* Impact assessment of resource constraints

0 Technology adjustment factor

0 Sensitivity analysis mechanism

* Capability to develop confidence intervals
for the estimate

* Cost/schedule risk assessment

0 Data base interface for size and techni-
cal definition by analogy.

With this tool, a cost estimator could take a detailed technical

description of a softwar(e development program, determine the

software size and technical characteristics by analogy, specify

a development environment or use ESD historical environmental

characteristics, and predict a software development cost and

schedule. He could then perform sensitivity analysis based on

different assumptions about the nature of the software, the

development environment , and resource constraints. Finally,

since the model is specifically tailored to ESD software, he

would have greater confidence in the results of the analysis.

4.4 SOFTWARE SIZING METHODOLOGY

Delivered source lines of code continues to be the

most often used metric for software cost estimating. There-

fore, the quality of an estimate can be significantly improved

with better sizing tools.

The ESD cost data base can be used as a verification

tool for engineering estimates of software size:

0 Using sizec ranges for categories of soft-
ware for- gross level confidence checks

4-4
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* Using a catalog of standard software
modules for ESD product categories to
vali1date both the sizing and technical
(ompleteness of the engineering est imate.

In addition to confidence checks, the data base can be used to

dlerive a size estimate by matching system functional require-

ments with the keyword classi ficat ions of the elements in the-

data base. This analogy technique is used at the lowest levcl

of detail, system, CPCI , or module/unit , that the available

system definition will allow.

In order to normalize the data among different program-

ming languages and increase the effective size of the data baise,

the relationship between delivered source lines of code and

size in memory words occupied can be used to develop conversion

ratios.

4.5 SOFTWARE MAINTENANCE COST MODEL

Although this dat a collect ion effort wais primairi Iv

concerned wi th softtware development cost est imat ing, some prc-

liminary research into software maintenance cost estimating

was conducted. Since software maintenance represents a sig-

nificant portion of the total life-cycle cost of a system, t

model for est imat ing these costs should be deve loped.

The following technical objectives must be achieved

oc fore a model can be developed:

D ef i nit ion of" t he basic elIemen ts of t he
software maintenance process including
the software maintenance facili ty , the
maintenance workload, the test ing re-
qui rement 5, the co(n figurat ion cont rol
anrd doc ulferti ttion requ irement s

I
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Identification of the potential variables
for use in modeling these basic elements
of the process

0 Identification of ESD computer system
characteristics which may be relevant to
the maintenance process

* Postulation of the relationships among
the element variables and the system
characterist ics/requi rements.

The above activities will form the basis for establishing the

maintenance cost data base requirements and appropriate work

breakdown structure. Following a data collection effort at Air

Force software maintenance facilities, the resulting data base

can be analyzed statistically and a model can be developed

based on the best predictor variables.
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SU-MMA.RY AND R-ECOMME-NDAT IONS

A comprehensive dat a collection package was devel1oped

Lunde r this effort and retfined as a result of the feedback I rui

the initial data collect ion. In the near-termi, this data col -

1ec t ion package can be used for obtaining in format ion for- coim-

1 1 tted or ongo ing proj ec ts anr-d for cost model IInput plia me t er-1)

Fo r t he I ong -t e rm a3 fo rmalI i zed me t hod fo r da t a(,) Io i-c -

I on i s requ ired t o iiai n t i In t he da ta bast- and ensure i ts co(n-

I nued use f u I ess .It is recommended that ESD become I fl\o I \'e(

ri t he cu rren t Jo In t Logi s t i c s ;omiifatde rs e ffort t o rcvi SC 11i'11nV

0 f t he ex I s t i ng so f t ware da t ai t ems and i ncorpora t c SUuiiiiia rv11

dat a t orina~it s 1in to t host- da t a i t emls. Whil hc hes ried (t a

i t ems are i n t he rev iew and app rova I c vc I e ,t he t a I I o rcd dLat a

Iem app roac h s hou 1(1 be u sed on so f t wa re devel( Iopme nt tt

fo r wh ic h c'ont ra c t s wi I I be awa rded i n t hi nca r -term.

I n add it i on t o t het d a ta t ha t c an be obt ai1ned f or PI

programts t he s i ze o f t he (Ia t a ba se c an be , i gri i t'i can t Ilv

i uc re asetd t h ro(u ghI da it a shia r in g a r r.an g e iiient i it h ot hecr D~o )

aigenc ies. The A i i Force Spiet 1)i1 i s ion woulI de LI good stairt -

i rig p ri

I he x 'i I i I i tv 0t (dita is the c ruc 1iii t i T-St S

th(.q

I opre hs I id autt rte1 a rolad mlto) tr IncreI rig the liZe t

un dat i 'ft and Us rig et tao I proveult luf e t eedri b q Ut'

t I It d lolet. new It oo h t nur-te c t is shotd woI-

I I.t r a a b
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ACQUISITION PHASE

MAINTENANCE PHASE

DATA BASE GROW~TH DATA BASE
ACTIVITIES AUTOMATION SOFTWARE MAINTENANCE

DATA BASE DEVELOPMENT

COST MODEL VALIDATION AND CALIBRATION
SIZING METHODOLOGY DEVELOPMENT

SOFTWARE MAINTENANCE MODEL

DEVELOPMENT

ESD-UNIQUE MODEL DEVELOPHENT

Figure 5-1 Software Life-Cycle Cost Estimation Road Map

* Data base automation

* Continued data base growth

0 Validation and calibration of existing
cost models

* Development of an ESD-unique cost model

* Development of software sizing tools

0 Development of a software maintenance
cost estimation model.

The potential offered by the data ivailability makes ESD a

leader in the state-of-the-art of software cost estimating.

1
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APPENDIX A

SOFTWARE COST MODEL/DATA COLLECTION FORMAT
CROSS REFERENCE TABLES

The following tables cross reference the cost model in-

pu t pa rame t ers t o spec if ic i t ems on Lthe d at a c ollIcct I on fo()rma t's

contained in Appendix B. Many of the items can be input. direct ly

into t he cost model s, wh ii others are derived from sev'eral1 dat a

items using estimator Judgement. Validation and calibration

a ct ivi I es would require the same input paramet er,, for sev'eralI

homogeneous CPC 1s.
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TABLE A-1

COCOMO MODEL DATA REQUIREMENTS

INPUT PARAMETER DATA COLLECTION FORMAT REFERENCE

Development Mode Selection Project Summary Form Items 3.1,
3.2, 3.7,7
CPCI Summary Form Items 6.1A, 8
Development and Target Computer
Form Items 1.7, 1.8

Software Size CPCI Summary Form Items 8.1, 8.9
Function & Sizing Detail Form

Required Software Reliability CPCI Summary Form Item 5

Data Base Size CPCI Summary Form Item 8.3

Product Complexity CPCI Summary Form Item £

Execution Time Constraint Development and Target Computer
Data Form Items 1.4, 1.6, I.gB

Main Storage Constraint Development and Target Computer
Data Form Items 1.2, 1.3, 1.5,
1.9, 1.10

Virtual Machine Volatility Development and Target Computer
Data Form Item 1.8

Computer Turnaround Time Development and Target Computer
Data Form Item 2.2

Analyst Capability CPCI Summary Form Item 4.2

Applications Experience CPCI Summary Form I tern 4. IA

Programmer Capabi I ity CPC I Summary Form I tem 4. 2

Virtual Machine Experience CPCI Summary Form Item 4.1I)

Programmning Language Experience CPCI Summary Form Item 4.1C

Modern Programming Practices Project Summary Form Item 4
CPCI Summary Form Item 14. B

1,.,f, of Soft ,Ire ooolse c'ro ( t Summ ,ry Form Item
CPC I Summary torm It em /4. It
Developiment and Targe t (nup ut er
Data Form Item 2.8

A-2
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TABLE A- I

COCOMO MODEL DATA REQUIREMENTS (Continued)

INPUT PARAMETER I)ATA COLLECT ION FORMAT REFERIENCE"

Required Development Schedule Project Summary Form Item 0
CPCI Suiuu11arv Form It ll 3

Development Manmonths For val idat ion/cal ibrat ion
Resource Expendi t ure Form "

Schedule Duration For validation/calibrat ion
Project Summary Form Item 6
CPCI Summary Form Item 3

L-3
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TABLE A-2

JS-1 MODEL DATA REQUIREMENTS

INPUT PARAMETERS DATA COLLECTION FORMAT REFERENCE

Software Size CPCI Summary Form Items 8.1, 8.9
Function & Sizing Detail Form

Interactive Environment Rating Development and Target Computer
Data Form Item 2.4

Resource Rating Development and Target Computer
Data Form Item 2.2

Tool Quality Rating Project Summary Form Item 5
CPCI Summary Form Item 4.lE
Development and Target Computer
Data Form Item 2.8

Project Complexity Values Project Summary Form Items 3.1,
3.2, 3.3, 3.4
CPCI Summary Form Items 8.4,
8.5, 8.6, 8.9
Development and Target Computer
Data Form Items 1.7, 1.8

Response Requirements CPCI Summary Form Item 8.5

Source Statement Type Mix CI'CI Summary Form Item 8.6

Development Factor CPCI Summary Form Item 8.9

Special Display Requirements CPCI Summary Form Item 8.7

Detailed Definition of Project Summary Form Item 8
Operational Requirements Est imator Judgement

Real Time Operat ijn CPCI Summa ry Forrm Item 8.)A

CPUJ Time Constraint Development and Target Computer
Data Form Item 1. 11

(CI Memory (nstr,int Development and I Target Comput v r
l)at a Form I t em 1 . 10

Fir. ,t S fftwire DI veloped CPCI Summary Forlm Iten /4. 11)

ofn Cf'T System

( rl( irrtert AD Hrdwar , lc Dev\,lopment and Targe t Computer
Deve Ilopmen t Datt Form It ems 1.7, 1 .8

A-4
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TABLE A-2

JS-1 MODEL DATA REQUIREMENTS (Continued)

INPUT PARAMETERS DATA COLLECTION FORMAT REFERENCE

Developer Using Remote Computer Development. and Target Computer
Data Form Items 2.6, 2.7

Development at Operational Site Development and Target Computer
Data Form Items 2.3, 2.9

Development Computer Different Development and Target Computer
From Target Computer Data Form Items 1.1, 2.1

Development at Multiple Sites Development and Target Computer
Data Form Items 2.5, 2.6, 2.7

First Use of Programming CPCI Summary Form Items 4.1C,

Language 8.8

System Type CPCI Summary Form Item 5

Documentat ion Type CPCI Sumarv Form Item 7

A

N.

'a

".

0:
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TABLE A-3

SLIM MODEL DATA REQUIREMENTS

INPUT PARAMETERS DATA COLLECTION FORMAT REFERENCE

Software Size CPCI Summary Form Items 8.1, 8.9
Function & Sizing Detail From

Percent of Development Development and Target Computer
On-line/Interactive Data Form Items 2.2, 2.3E

Proportion of Development Development and Target Computer
Computer Dedicated to Effort Data Form Item 2.9

Proportion of Development Development and Target Computer
Computer Used for Other Work Data Form Item 2.9

Proportion of System Coded CPCI Summary Form Item 8.8
in Higher Order Language

Primary Language Used CPCI Summary Form item 8.8

Software System Type Project Summary Form Items 3.1,
3.3, 3.4
CPCI Suunary Form Items 2,
8.4, 8.5

System Level Project Summary Form Items 3.1
3.2, 3.3, 3.4
CPCI Summary Form Items 2, 8.9

Target Machine Memory Deve lopment and Target Computer
Ut il izat ion Dat a Form It ems 1 .2, 1 .3, 1 . 5,

1.9A, 1.10

Proport ion of Real-Timy Code CPCI Summary Form Item 8.5

Modern Programming Pract ice Project Suitiary Form Item 4
Usagv CPCI Summary Form Item 4.1B

Personnel Experience CPC I Summary Form Items 4. 1A,
4.1(:, 4.11), 4.1E, 4.2

State of Technology Factor Derived By Calibration Using
CPCI Summary Form Items 3, 8.1

e su rce Fxpenditure Form

A-0
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TABLE A-4

PRICE-S MODEL DATA REQUIREMENTS

INPUT PARAMETERS DATA COLLECTION FORMAT REFERENCE

Project Magnitude CPCI Summary Form Items 8.1,
8.8, 8.9
Function & Sizing Detail Form
Development and Target Computer
Data Form Item 1.2

Project Application CPCI Summary Form Item 8.4

Level of New Design and Code CPCI Summary From Item 8.9

Resource Derived by calibration using
Project Summary Form Item 8
CPCI Summary Form Items 3, 4. 1
4.2, 8.1, 8.4, 8.8, 8.9
Development and Target Computer
Data Form Items 1, 2.5

Ut il izat ion lDevelopment and Target Compu t er .
Data Form Items 1.2, 1 .3, 1.4,
1.5, 1.6, 1.9, 1.10, 1 .11

Plat form Project Summary Form Itenis 3. 1-
3.2, 3.3, 3.4, 3.7

Comlplexity or Schedule Project Summary Form Item 8
CPCI Summary Form Items 3,
4.1, 4.2

)evelopment and Target Computer
Data Form Items 1.7, 1.8, 2.5,
2.6, 2.7

New Design CPCI Summary Form Ite" 8.9

New Code (PCI Summary Form Item 8.9

Maximum Manloading CPCI Sumnia ry Form Itells 4.,3 4 . 4

M i x CPC I Summnary Form It em 8. 4

Int er face "Iypes P roject Summary Forn It em 3. 2

I nt erf ace Quan it i es Project Summary Forn It em 3. 2

A-7
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APPENIX B

DATIA COLLECTION PACKAGE

This appendix contains the ESI) software cost data

base data collection package, which consists of a comprehen-

sivce set of instructions containing reference tables and a

glossary. Five data collection formats are also included.

.1W4-

. e
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SOFTWARE DATA COLLECTION FORM INSTRUCTIONS
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I NTRODUCT ION

The objective of this data collection effort is to

develop a data base of sof tware cost, schedule, sizing, and

technical information for use in cost model validation and

calibration, for software sizing, and for cost model develop-

ment.

There are five different forms used to collect the

required data:

Software Development Project Sunmary Data
Form - collects data at the project level to
define the project functional and technical
characteristics, the development tools and
methods available, the project schedule, the
documentation required, and the change history.
It is prepared for each project for which
data is provided.

Development and Target Computer Data Form
collects data for each target computer (opera-
tional host) in the system and for the devel-
opment computer on which the corresponding
operational software is developed.

Computer Program Configuration Item Summary
Data - collects information at the CPCI level
to define the development schedule, the per-
sonnel characteristics and constraints, the
CPCI size and characteristics, documentat ion
requirements, and the failure/error history
(luring the development. This form is prepared
for every CPCI ident i fied on the software
development project summary form.

Resource Expenditure Data Form - col lect s
t i mepha sed maripowe r u t i I i za t i on data at t he

lowest level avi1ablE for the pro ject.

B-3
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Computer Program Configuration Item Function
and Sizing Data Detail Form - collects software
size, function and progranuning language infor-
mation at the lowest level available for each
CPCI listed on the software development project
sunmmary data form.

Detailed instructions for completing the forms are

included in the following sections. Attachtnent A is a glossary

of terms used in the forms. Attachment B is a recommended

work breakdown structure for software development projects.

R1-4
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SOFTWARE DEVEIOPMENT PROJECT SUMMLARY DATA

1. Project Name: Date:

2. Development Contractor/Organization:

3. Project lescrittion

3. 1 Mission l)escription: __

3.2 Major Hardware Interfaces:

3.3 Ma jor System Functions: -_

3.4 Major Software Functions:

3.5 Nunber of CPCls: -

3.6 CPCI Names:

3.7 System User:

Development Contractor Other Commercial Company __

Department of Defense Other Government Agency

4. Development Methodologies Used

4.1 Specification:

Furict ional Procedural Engi ish Other:

4.2 Design:

Top Down Bottom Up Iterative Enhancement

Hardest i rst None Other:

4 , )eve I opmint

'Io )p Down Bottom Up I_ terative Enhancement t

Hardest F rst None Other:

.4 Codi 

...

g:

Simulat in i Const ruct Structured Code None

Ot her: %
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4.5 Testing:

Top Down(stubs) Bottom Up(drivers)

Specification Driven Structure Driven

None Other:

4.6 Validation/Verification(Inspection):

Peer Review Walk Throughs Proof

None Other:

4.7 Formalisms:

Program Design Language(Specify):

HIPO Charts Flowcharts Chapin Charts HOS

Other:

5. Software Development Tools Used:

Assembler Basic Linker

Basic Monitor Batch Debug Aids

Higher Order Language 11acro Assembler

Compiler Simple Overlay Linker

Basic Source Editor Language Independent Monitor

Basic Library Aids Basic Data Base Aids

Real-time or Timesharing Extended Overlay Linker

Operating System Database Management System "

Interactive Debug Aids Simple Programming Support Library _

Interactive Source Editor Virtual Memory Operating System

Database Design Aid Simple Program Design Language

Performance Measurement Programming Support Library With

And Analysis Aids Basic Configuration Management Aids

Set-Use Static Analyzer Control Flow Static Analyzer

Basic Text Editor & Manager Program Flow and Test Case Analyzer

File Manager Full Programming Support Library

Documentation System Project Control System

Requirements Specification Extended Design Tools

Language and Analyze! Automated Verification System

Fault Report System Crosscompilers

Instruction Set Simulators Display Formatters

Data Entry Control Tools Communications Processing Tools

Conversion Aids Structured Language Tool

Other: Other:

Other: Other:

B-6



6.~~~~~ Deeopet cedl

Originial Actual Es t imaTILed%

Proje-ct Mi lestone Da ~t e Da l~te Dat e

Contract Award

System Requirements Review

System Design Review _____

Preliminary Design Review

Critical Design Review____- ___

Preliminary Qualification Test-____

Formal Qualification Test

S t a rt C PCI Iluit e g r at i onr I n to SyvstLem____

Complete CPCI Integration into System

Start Development Test & Evaluation___-

Comple t e DevelIopmen t Test & Eva I at ion

S La rt I ni t 1 a I Ope ra t i oialI Tes t & Eva I

Comp lete lIni tial O peratijonial Test & Eva

Fuin ct ional Conf figuration Aud it - -

Phys 1 ( a I Corif i gurat ion Audi t - -

Frma I Qua I i f i cat ion Rev iew

Sys temII DeIi ve ry

7' locumenta t ion

Document Title ___ __ _ of Pages Est'd or Act'l

System Engineering Management Plan

Computer Program Development Plan

System Tlest Plan

(it he r:

(It h1e r:-

Ot he r:

B- 7
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8. Software Change History

#I of Changes Est'd DSLOC Est 'd Manpower

Development Phase Approved Change ±-Change+-

Preliminary Design ______ _____

(Contract Award to PDR)

Detailed Design ____ ______

(PDR to CDR)

Code & Debug____ _____

(CDR to Test & Integ Start)

Test & Integration ______ _______

(Test & Iriteg Start to FQT)

System Test/IOC___ _________

(FQT to Contract End)

B-8
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SOFTWARE DEVELOPMENT PROJECT SUMMARY DATA FORM INSTRUCTIONS

-. !%'

Item 1: Enter the name of the project and the date

on which this form is being prepared. -

Item 2: Identify the company or organization which -.

is actually performing the software design and development.

item 3.1: Briefly describe the overall mission or

purpose of the system for which the soft ware is be ing dev loped"

Item 3.2: Ident i fy the major hardware components

with which the software will interface, for example, radars,

communicat ions equipment sensors, other embedded computer

systems, etc.

Item 3. 3: List the major functions performed by th.

system .

It em 3.4: L.ist the major funct ions performed by the 0

software.

I tm "3.5: Ident i fy the number of Computer Program

Configurat ion Items (CPCIs) into which the system is divided.

It em 3. 6: List the narmes ()f- each CPCI in the system.

Item 3.7: Indicate with an X the user for whom the -i

-vst -III is being developed.

It -14. 1-4.7: Jndicatt w ith an X ill of thec s of-twaret '.

deVe I opmen t met hod() 1 og i es and st rati eg I e usied for each actt i v t Y

,,n this pro ( t

B -9
': -:



Item 5: Indicate with an X all of the software devel -

opmlent tools used on this project; use the last four items to

specify other tools used which are not included in the listing.

Item 6: Enter the original schedule (date for each

* applicable milestone (enter N/A if a milestone is not applic-

a abl e) . Alt hough thest ml lestones represent formial cont ractual

act iv it ies in t he Depart ment of De~fense software acqu is it ion
process , many non-defense projet wlhaemestones which

a re equivalIent to t hese , e .g. , cont r ac t award is eq uivalIent t o

p~roject start and cri t ica I d s ign review is equival ent to com-i

p)lIet ion of det ailI des ign. I f the formal mi lest on(s irc not

rcqui red in t he project schedule , dat at for equ ivailent ac t i\'i t i cs

S hou I d be us ed. Def i n it ions of t hese [li I ('st ones, arc prov ided

in At taichmien t A of- t hese i nst ruc t i ons . UnIcs s ()t hc'r ,I s cI md -

c at e d ,the dat e should re fI ect the c act Iv,,I t y' comi i ('1ct i on d(Li t ( -

Whe're ivai I able , ent er t he act ual dMt e of (omllp vti ion I ()r thti

mli lest one ; for ongoi ng ef fort s, ent er t he current est imat (-e')

compi et ion of t he mm I est one.

I t enm 7: Enter the numbe r of pages for each documernt

I i-sted and specifY anY addi itionai document at ion requ i rcd for

he soft ware ait th(e project l evelI. Inrd icaite wit h ant X i n t he

appropriate (()lumn whet her the page count is, ('St imatcd or

at ual.

I t em11 L it c r t h(, number of' recju I reiiicrlt .1 ('harigt's

O(wh-1C id[ cu r'(ur inrg ('ich completed deve Iopmit'rit phs the

1k,1 t I'(a(/er's in the total syNs"t (-II s i;o u rcec i nst ru k't i on

(urITO .indI he fli I inticiese/dec reas(' in thce ('5 i mat ('( manpower

tbr the- 5,(111I..ir(' deve'lopmuent eftort

i- 10



D)EVEL OPMEINT AND) TAI<GE' COMPUTER D)ATA FORM

*I MdTIril t tire r 'Iode I Number:

12 Mli iit NIenio rv S Ize it ii , A is \I,:o r d S Ie cit

i 'Il N I: "inin '1, i [ NIelorv S 1

i Rt-st rvv lemorv Rtjiit remcneu/0

I k eserve 1 ) fl~ig kc~liyi reiniit

Ii Cmrreii DeIvelopmnt wi thi SofIt .i re: Yes N o

I V i r t ui I a njcItift VoI.i t i it v

\r v 1lo v I .oflml I I 11 gh Ve ry H Igh

Pe I-(ent ( I ii zat Iol: 1, 1 -7 O', 7 1 - 8 5 8t 1 b -

A\ C K Mfeno ry

ii Lxecut j oil' I file

I C Pt Nemio ry C(01st ra i i i t F.vo I u -j t i i

o fieunory v F o ruoluiny Niu!sti r c (I~ t u red

'-fur1 (uve - I j v ti i -f Sgiuiwn tt i on keyi red -

I. xt enui i,, i o ve r I i v At, I/( i So-gnuici t jt i ( i Re quI r cl

(milu I e x Memo rvM it adgemre il t E (ninm lcy it i cs oit i r-e,

I II(Tt Timlue Conust ra I) t fLvj I uli I )It

No Sot t wi re i s CIT't'fI ie tunis t ra i ned

2 . f S ir( i 'I s meuu Lo t r. lii ne

)0", of 1) itr , Codt is ~I* i w owst r~ji ril dh

7,, tt Soujt I imw~ is C~ onist r.i i net

12 C 1, I fI() t t d I I l' !T j ljt ''

1;- 11%
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2. Development Computer

2.1 Same as Target Computer: Yes No

If No, Manufacturer: Model Number:

Difference Between Development and Target Computer:

2.2 Turnaround Time:

Low (interactive, specify): Nominal (<4hrs)

High (4-12hrs) Very High (>12hrs)

2.3 Percentage of Source Instructions Developed Using Each of the
Following Access Modes (Total=lO0%):

A. Batch %

B. Dedicated Processor %o

C. Test Bed with High Priority __

D. Test Bed with Low Priority %

E. Interactive

F. Other:

2.4 For Interactive Deve lopment I ndl i cat e the Average Number of
Software Engineers/Programmers per Termirial:

2.5 Number ot l)evlopnemnt Sites

2.6 Development Site Locations:

2.7 Devel opment Computer Lo (at or si :

2.8 Software lDevel p nit 'Toof (Isa

Very low I.ow NomnI ., I 1 W. rV HI t,

2.( l)eve l pm ent i(-mpit e r Res i tt Av,sI lthi I t

B- 12 I?
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1 EVELOPNENT AND TARGET COMPUTER DATA FORM1 INSTRUC'TIONS

Item 1.1: Identify the manutacturer of the operational

system for which this so ftwarc is being developed. If the

computer is an oftf-the-shelff item, ente-r the model number.

Item 1.2: Enter the main memory size in words and

indicate the word size in bits. For ongoing projects, this

should reflect the current configuration of the computer. For

completed projects, this entry should reflect the delivered

configurat ion of the comput cr.

It em 1 .3: Enter t he maximum main memory size in words

that can be attdined without major modification to the current

or delivered computer configurat ion.

Item 1 .4: Indicate the CPIT processing speed in in-

st ruc t ions per second.

It em t . K t, tr t h( pc r(ent of Item 1 .2 which must

be I ( t ava i I able r expansIon/growth after svst em del ive rv

Item 1 . : Inter the percent of the total processsing

t ime which must be left 1 .i le fr ex) i i iasi n/growt h aftt r-

sy t em (It' c 'e I C r V

It em 1.7: I nd i cat c i t h in X whet her t he t a rge t v i r -

tual machine is l)cIi ig d ' (l','c i rr-lt -rint Iv with the t ta ,.

IteiI 1. V'ri ' the tollowirig criterial, indicate.

w It h ain X t he d-g re of volat i t tv in ite desig oft the VirFt lJ

Iac h i ri

B-I 13
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Very Low = No major changes; one minor change every
12 months

Low = Major changes every 12 months; minor changes
every month

Nominal = Major changes every 6 months; minor changes
every 2 weeks

High = Major changes every 2 months; minor changes
every week

Very High = Major changes every 2 weeks; minor changes
every 2 days

Item 1.9A: Indicate with an X the maximum percentage

of main storage used by any group of CPCIs operating concur-

rent ly.

Item 1.9B: Indicate with an X the maximum percentage

of processing time used by any group of CPCIs executing con-

currently.

Item 1.10: Indicate with an X the level of memory

conservation measures required to satisfy the reserve memory

requirement in Item 1.5.

I ten 1.11: Indicate with an X the percentage of the
software that requires special coding effort to enhance timing

per formance.

It em 1 . 12: Enter the names of the CPCIs which are

hosted in this compu t e r

Item 2. 1: Indicate with an X whether the development

computer is the same as the target operational computer. if

th, computers are different , ident ify the manufacturer and

B-14 II
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model number of the development computer. Describe any differ-

ences between the two computers which would affect the software %o
development effort, e.g., dif ferent operating systems, computers,

compi lers , ma in iem()orv and t iming con strain t s . Is development

of a target computer emulator required?

Item 2.2: Indicate with an X the average turnaround

time for the deve lopirient computer. If a rating of low applies,

specify the approximate response time experienced on the system

per computing job, i.t. a umit test or comnpile.

Item 2.3: Indicate the percentage of source instruc-

t ions deve loped using the specified access modes. Specify any

other mode used arid its percent age of ut iIi zat ion.

Item 2.4: For terminals which are readily accessible

to members of the development team, indicate the average number

of software engineers and programmers per terminal.

It em 2.5: Enter the nuiimber of- individual sites where

this software is bteing developed. Indicate any site that is

wOrking as .+, :br) nt iict or to the development contractor.

It em "2 . 1 dent if y the geographic I oca t ion (city and

st at e) o ea h c1 of the deve I opmen t s it e.

It em 2. 7" Speci fy tht locat ion of the development

compu t ers us(-d t ,(P-Ye i )p this software by each o f the dev I-

tt, ".m 5 fv the degree to which t he dev' I opmen t

t,<o Is av'ai, I li . I, I, t , i he de.ve I oIlim nt con l trac or's orgain i zi t i(on

i( s i h- , 1 . '.' ,i(itft fI hi s ',o tw;1re.

"'

P)- 15 5 ...,
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Item 2.9: Indicate the percentage of the total devel-

opment computer capacity that is available for work on this

project. This percentage should reflect the impact of opera-

tional uses or other developments competing for the use of

this resource.

I

II

f - I
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COMPUTER PROGRAM~ CONFIGURATION ITEM SUMMARY D)ATA

1. CPCI Name: ____

2. Functional Description:

3. Schedule

3.1 Milestone Data

Original Actual Estimated

CPCI Developmnent Milestonies Date __ Date Date

Design Start

PreIi mi nary Design Review

Deve Ilopmeiit Spec i I i ca t i on App rova I___

Critical Design Review

Start Coding/Debugging

Complete Coding/Debugginrg

Start Informal Integraition &Test

End Informal lIntegrat ion T est

Prte I imn nry (Quai I I fi (at i on Test

1ormta I Qua I I iicat i on Test

Product Spe(- it I i( i ion Aplprovaj I

F-unict ionalI Con t wurat ion Aud it

1Physical Con f igura tion Awldi

1.2 Schf-dulr' AccelIerition/St ret htiut Assmn

helow 7')'1 ), 7 R- - b 8 - 1 io I 1 I- I W)';, 0 0/

4Pesornn.

4. 1 Average Experienice

1111o) I -4mo 4- 1 2mros 1- 3vrs, 'i-0%rs _t,\ rs

A. App Ii iat i on Arca

h .l~(lii j(Illos tsr-Id

C .Languiages UIsed

I. Vi rtiil I a~hinvi

F.Slpport So f twa re/hitn I

K- 17



4.2 Average Personnel Quality Percentile:

0-15% _ 16-35%/ _ 36-55%/_

56-75% 76-90%/ 90-100%

4.3 Manpower Availability: %____

4.4 Peak Manloading: _____

5. Reliability Requirement:

Very Low __ Low __ Nominal _- High Very High__

6. Complexity:

Very Low Low __Nominal__

High Very High Extra High__

* 7. Quality of Specification

Very Precise Precise Imprecise__

8. Size

8.1 Deliverable Lines of Source Code Excluding Documentation:

*8.2 Lines of Source Code Documentation:

8.3 Data Base Size in Bytes or Characters:

8.4 Size Breakdown by Operation As a Percent of Item 8. (Total =100'4):

A. D~ata Storage & Retrieval%

B. Online Communi cat ionis

C.. RealI-Time Command & Cont rolI

1). In e a t v Operat iAi

E . Ma thema t i (alI Ope ra tions

F. String Manipulation

G. Ope ra t i rig Sys t ems

H. Other:

1. Ot he r:

8. r pe ra t I on, I Re:;jouise Req ul 1 emen ts 1)i s t r butjt 1011l A a Percent of

Itein 8.)(Total 100'4):

A. Rea 1-Time B. Onl-Linle

C. lime-Coust rained % D. Notn-Ti me Cr it iu %a

8.0 Source Statenrt Type Mix As a Percent of I tem 8.1 (Total = 100%):

A. Log tii % B. Command % C . Mat hemna tical____

- Da.t a n lpo i at ionl 41 Dat a I)(- Il rl t in
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8.7 Special Dispidy Requi rements:

Simple Input/output User Friendly _

I nte ra c Livc Complex Requirement s/Severe Impact__

8.8 LarigUages Used as a Percent of Itenm 8.1 (Total =100%):

A. LanIIgua ge: Percentage:

B. Laniguage: Percentage:

C. Lnguae: Prcenage
Li. Language: Percentage:__

8.9 ReusablIe Code From S imilIa r Projects

% o f Mlodi f ica L i on Requ ired

P roj e,t iiof l)S LOC Des ijn Code- fi~t e~ra t101

DO IV 0 01

Do c une nt t i t Ic t, of F'~' Fst d or Act'

CPC I [)eve I (qpeIvilt Spec I f ( at 1ion1

C PC I P rol(11 t S5 V ( f I (At 1 I 

'I "t P I all

'I ves t Pi (I i i re'

e sr t )

O rajtor 'Im,iou I

)t tier

it hier

Uthe r
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* 10. Software Failure History

Development. Phase 1/of Software Failures/Errors

Preliminary Design(Contract Award to PDR)

Detailed Design(PDR to CDR)

Code & Debug(CDR to Test & Integ Start)__

Test & lntegration(T & I Start to FQT)

System Test/IOC(FQT to Contract End) ___

I I. Othfe r Fac to rs o r Cha ra ct erist ics:
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(OMPUTIER PROGRAM CONFIGURATION ITEN
SUMARY DATA FORM INSTRUCTIONS

Item 1: Enter the name of the CP(:1 for which this

form is being prepared.

Item 2: Enter a brief description of the major func-

tions performed by this CPCI.

I tem 3.1: Enter the original schedule date for each

appl icable milestone (enter N/A if a milestone is not applic-

, eble). I tht mi lestones are( not est ab i shed for this project

use the schedule data for equivalent activities to complete

this it emI. Formal lilestone, definitions are inc luded in Attach-

iizent A. Unless otherwise indicated, the date should reflect

the act iv it y compl e t ion dat c . Where ava i I abl e , ent er t he act ua I

date of completi on for the mai lestone ; for ongoin g efforts,

ent er t he curr-nt est imat (- f)r conp e t i on )f t he Ili i lst one.

It em 3.2: 1 ind i cate wI t h an X the degree oft sche.dule 

,ace 1 e rat i or or st ret chou t that the or ig i nal I schedu t da tes in

i t eii 3. I repr-esent re I at ive to the norma I t iie requ i red t o

de ,lop t hi s CPU I -or exi ni plIe, it the spec If i ed sched le is

24 m(nt h and the norma I dee I opment t i me is est i [fat ed a t

4() mont hs, t t suht du i a c- e -rat I o , torn t ch(ut is 80',.

Itcm 4. : For en t he t ivt areas 1 ste t-l, rid i -

cate the a\erage experin,. -it th,- 1 ;t lrt of t his prop-it oft

het( dive I o)piten t pcr s )Iri I k Irig onT t Ii i 5' C J). I I t emn /4 1 A

r, ft rs t -Xpt r I- i ( t- I I I ' I It-' jo- i - lM rig 1i11 lIa Itr t u c -

t 10,1 and iIt t- r-a s ttm '. I B rcf rs to rx-rierict- with t he

d(t '('t 01) Ilitit i, t ItI I iiid m I ,,(1 ijl d ( this (I Ih. ItI In /. I 1

nir- ti exyti- ,ni I- 1) 1 'i i -mni rig I .L.ig ts used on

J.J
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this CPCI. Item 4.11D refers to experience with the development

and target computer hardware, operating systems and architecture.

Item 4.1E refers to experience with the support software and

automated development tools, e.g., program design languages,

debuggers, etc., used in the development of this CPC1.

Item 4.2: Indicate with an X the capability of the

analysts and programmers who are working on this CPCI in terms

of percentiles with respect to the overall industry population

of prograinmers/designers. This rating should be based on apti-

tude for prograimning/designing software, efficiency and thorough-

ncss, and ability to coiiunnicate and cooperate. This rating

should reflect the capability of the personnel as a team rather

than individuals.

Item 4.3: Indicate as a percentage the degree to

which manpower loading levels are const rained by personnel

,availability or budget limitations. An entry of 85% indicates

that the attainable manpower loading was 15 ' ess -ian the

requi red level . If there are no manloading constraints,

enter 100%.

I tem /4.4: For completed developments enter the peak

manloading level, i.e., the largest number of software engi-

neers and programmers at a point in time, attained during the

develIopment of this (PCI. For ong()ing dtevelopnents enter the

current (E- t ilmate (of the maxilumI manl lording required.

Item1 5: Indicate with an X the level (of reliability

u i r, d for t hi, CPCI usii g the fI l lowing impact criteria:

V,.rv I.ow The im 1pact of a sof t tware f a i lure
i . !i s imp I y the i n(()nen rice c itus (le by the-
rf(Ju i rei(ri(Ft o ( fiN t he C So0ftwa r e. 'I vp ic i'
(-x. ilp Is re a d(-lei nst rat i on prot o(t ypc ot a
"'() I Ce typewriter (or an earl v I eas )i I i t Y phase
f,( tware simulat ion model

B-22
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Low = The effect of the failure is a small,
easily recoverable loss to the users. Typical
examples are a long range planning model or a
climate forecasting system.

Nominal = The effect of software failure is a
moderate loss to users, but a situation from
which one can recover without extreme penalty.
Typical examples are management information
systems or inventory control systems.

High = The effect of the software failure can
be a major financial loss or a massive human
inconvenience. Typical examples are banking
systems and electric power distribution systems.

Very High = The effect of software failure can
be the loss of human life. Examples are mili-
tary command and control systems or nuclear
reactor control systems.

Item 6: Indicate with an X the level of complexity

of this CPCI using the criteria in Table B-1 by matching the

characteristics for each type of processing performed by this

("PC I.

item _7: Indicate with an X th, degree of precision

in the devol()p.cit S,ccification using the following criteria:

Very precise No additional analysis is
needed toc develop detail design

Precise = Only minor details must be worked
out to develop detail design

Imprecise Sign i f i cant add it i ona I anal ys is
is requ i red to develop detail design.

P -k
It1em 8. Ent er the total del iverable 1 ines of source

code for this C(Il . )o not incIlude- lines which a re ent i rely

document at i on, suich is, colimie nt s or source instruct i ons from,

unmodified utility s()ftware. This i ne count should include

ob cont r,, language inst ruct ions , format stat ement s, and dat a

declarat ions as we II as Io; ,i c(,nt rol inst ruct ions.

B-2A



TABLE B-I

SOFTWARE COMPLEXITY CRITERIA

TYPE CONTROL 1 COMPUTATIONAL DEVICE-DEPENDENT DATA

RATING! OPERATIONS OPERATIONS i OPERATIONSAGENT
1PAOOPERATIONS

Very Sequenced code Evaluation of Simple read, Simple arrays
low with a few simple ex- write state- in main memory

non-nested SP pressions, e.g. ments with
operators: DOs A=B+C*(D-E) simple formats
CASEs,IFTHEN- i

ELSEs. Simple
predicates

Low Straightforward Evaluation of No cognizance Single file
nesting of SP moderate level needed of par- subsetting
operators. expressions ticular proc- with no data
Mostly single e.g., D=SQRT essor or I/O structure
predicates (B'-2-4.A*C) device charac- changes, no

teristics. 1/0 data edits,

lone at GET/ no inter-
PUT level, no mediate files
cognizance of

overlap

Nom i na I ostly simple Use of standard 1/O processing Multiple input
nesting. Some math alld sta- includes (e- anid single file
intermodlule tistical rou- vice selection output. Simple
control. tines. Basic Status check- structural
Decision matrix and ing and error changes simple
tables vector oper- processing edits

ations

Htigh Hitighly nested Bas c numerical Opera t i ois at Special purpose
SP operators arialysis: multi physi -al I/O su)routines
with mariv (o- variate level (physIcal activated bv
pound preili- interpolation, storage ad- data stream
Cates. Queue ordinarv dif- dress transla- contents.
arid stack (-on- ferential tions, seeks, Complex data
trol. equat ions. reads, etc. ) rest ructuring
Considerable Basic trunica- Optimized I/O at record
intermodule Lion roundotf overlap level
col t ro l conrce rns

B-24
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TABLE B-1

SOFTWARE COMI'LEXITY CRITERIA (Cont inuedi)

TYPE, CONTROLI COMPUTIAT IONAL I)EV ICE-DEPENDENTJ DT
RATING OPERATIONS OPERATIONS OPERATIONS MNGMN

OPERAT IONS

Ve ry Reentrant and Difficult but Routines for Generalized
High recursive cod- st ructuired interrupt parameter-

inrg. Fixed- numerical diagnosis, driven file
priority anialysis: servicing, st ructuri ng
interrupt ne ar -s ingula~r mas kig. routine. Fi le
handlIi ng mat rix equa- Corunni (at i on hti i ding * COnII-

t ions, part ial line handling mand processing,
differential sea rch
eq ua t ions op)t iniizat i onl

Extra iMultiple re- Difficult and Device timing- Highly coupled,
High source, sched - unstrcrt ured dlependenit dynnamic rel1a-%

tiling with numerical coding, micro- t ionial strtc--
i (ynafl i calII v anialysis: p rog rammned tures.
changinfg hi ghlN accu- ope rat ions Natural
priori ties. rate ana lysi s language data
Microcode of noisy maniagement
level control stochast ic data

B - 2



Item 8.2: Enter the total lines of source code docu-

mentation delivered with the source code for this CPCI.

Item 8.3: Enter the size of the nata base to be dev'el-

oped with this CPCI and delivered as part of the system in

bytes.

Item 8.4: Enter the percent of the deliverable lines

of source code that performs each of the categories of opera-

tion defined below:

Data Storage and Retrieval - Operation of
data storage devices, data base management,
secondary storage handling, data blocking and
deblocking, hashing techniques. Primarily
hardware oriented code.

On-line Communications - Including machine-to-
machine communications with queuing allowed.
Timing restrictions not as severe as with
real-time command and control.

Real-time Command and Control - Machine-to-
machine communications under tight timing
constraints. Queuing not practicable. Heavy
hardware interface. Strict protocol require-
men t s.

Interact ive Operations - Real-t ime man/machine
interfaces. Human engineering considerations
and error protection are very import ant .

Mathemiat ical Operat ions - Rout in- mathemat i ca I
appl ications with no overriding constraints.

String Mani pul ation - Routine appl icat ions
with no overriding constraints. Not oriented
towards mathematics. Typified by language
compilers, sort ing, format ting, buffer manip-
ulat ion, etc.

Operating Systems - Task management. Memory
management . Heavy hardware interface. Many
int eract ions. tHigh reliability and st rict
t irming requirement s.
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Other - Specifically identify any unique opera-
[ions not included in the above categories.

Item 8.5: Indicate with an X the response mode re-

quired in the operational system using the following guidelines:

Real-time - The software must complete proc-
essing in response to an event prior to the
occurrence of the next -vent. Arrival of the
data and the occurrence of events is not under
the control of the software and extra effort
in the design, test and implementation of the
software is required to satisfy time aInd prO
essing requirements.

On-line - Software in this category must re-
spond within a human compatible time frame,
usually within a few seconds. Al so requi res
addi t ional development effort , but not the
ext ra level requi red for real - t i me so t wa re.

Time-const rai ned - Soft ware in this category
must complete processing within a specified
time frame which is not as restrict ive as
real-time or on-line requirements. Time I i nes
are in t he order of mi nut es or hours ; some-
times a c I oc k t i me i s spec i f i ed for comp 1 e - %
t ion of processing.

Non-time Critical - There is no time constraint
for completion of- processing for this category
of software.

:''

Item 8.6: Enter the percentage of the delivered lines -. 0

(f source code for this CPCI for each of the statement tyvpes

listed using the following guidelines:

Logical - st atetment s which cont rol the execu-
t ion sequences i n the program and inc I ude
const ructs such as IF-THEN-E.SE, )0 WflIILE, DO
UNTIL., CASE, (O TO ()r CAL.

-27
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Comiuand - statements which direct the system
software to perform specific functions or to
create the environment required to support
the software. These statements are generally
written in a language specific to the computer
hardware.

Mathematical - statements which perform compu-
tations. This category includes coded equa-
tions for algorithms, vector algebra, modeling,
index computation, etc.

Data Manipulation - statements which perform
input and output, as well as the storage,
movement and modification of data. Format
statements are also included.

Data Declaration - statements which are non-
executable and define the characteristics and
values of the data contained in the program.

Item 8.7: Indicate with an X the level of display

interaction required for the user interface with this CPCI

using the following guidelines:

Simple Input/Output - No special considerations
or requirements implemented to enhance user
interface.

User Friendly - Special display formatting,
e.g., menus, with extensive diagnostic and
input or processing error handling capabilities.

Interactive - Advanced features such as light
pen or touch-sensitive displays for user inter-
face.

Complex Requirements/Severe Impact - Two di-
mensional projection of solid figures, hidden
line processing in line-of-sight projections,
earth projections from space for weather pre-
diction and resource mapping and integrated
circuit layout.

Ite m 8.8: Identify the programming languages in which

this CPCI is written and indicate the percentage of the delivered

source lines coded in the language.

B-28
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a Itemn 8.9: ide;nt i fy any previous lv dlc\', l~p(i u (d

which has been adapted for this CPCI . Inc I ude t he fname, o f the

project for which the code was developed and the number of

delivered source lines of code (DSLOC) which were adapted.

Enter the percentage of the original design which was modified

and the percentage of code which was rewritten. Finally, indi-

cate the approximate percentage of effort required to integrate

and test the adapted software compared to the normal amount

requi red for a new development of a comparable size and dif-

ficulty.

Item 9: Enter the page count for each document listed

and specify any additional documentat i(n required for this

CPCl. Indicate with an X in the appropriate column whether

the page count is estimated or actual.

Item 10: Enter the number of software failures, design

errors and cod ng errors discovered during each (if the five

development p)hases.

Item 11: Describe any other factors or characteristics

of this CPCI and the development environment which affected

the number of delivered source lines of code or the resources

expended in the development of this CPCI. Identify any features

of this developmant which make it unique relati\'- to other

developments.

;'B.'
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RESOURCE FXPENDITURE DATA

1. Project Name: __

2. Latest Month of Actuals: 3. Units of Manpower: _

WBS ELEMENT

OR CPCI

MONTHS

AFTER

-2

3'

4

5

6 '.

7

8

9

10

13

1415

16

17

19

217

18 - ) __ _

- 21 __ i - --- _____ _ _ _ _ _ _

22 _ __ _
23 _ 1 .

24 __

B-30 .
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-- WBS ELEII/CPCI '.

28 ,''

29I

31 ' ,

32 ,-,

34 i,''

35,- SI.
36i,-.

37 ______

38I. .
39 )"

40 _ _ i_ __.-'

41 , _ _,_._
42 _ _

43 _ _ ___"
I , .

45 I _______ _____ _______ ______ ______46 _ _ _ _ _ _ _ _ _ _ _ _ _ _1_ _

47_-- - -- -"

48 i "-"
49

50
,5151 

-52 __ _ _ _ _ ___ _ _ _ _ _ 1 '__ __ _ _

53 __..

54 I _ _ "_1

56 -_f

5 7 .- ____ !a__"___-_____
58 _ _ _ _ __ -1____-II"6... 18 __ _ _ _ __ _ _ ___.....__ " _ __ _ __ _ _ __ _"_'

59 -3'S

60:3



RESOURCE EXPENDITURE DATA FORM INSTRUCTIONS

This form is designed to collect time-phased manpower

data for the software development project at the lowest level

of detail available. Attach a copy of the cost/work breakdown

structLIre used to collect manpower data for software activities

on this contract/development project.

Item 1: Enter the project name.

Item 2: Enter the latest month after contract award

or project start for which actual manpower data is available.

This number should reflect the months after the date for con-

tract award entered in Item 6 for the contract award milestone

on the Software Development Project Summary Data Form.

Item j: Enter the units of measure used for the man-

; e ,.r figures, that i s, manhours, mandays, manmonths or manyears.

Iridicate the riumber of hours that the unit is based on, if you

arir- riot en ter i mg lanhours.

Inr th. t op row of the table enter the name of the

,(,st/work brea;ikdown structure e I ement or (ollput er program con-

figurat ion iteni for which you have manpower data. Include any

,,t the .ioftware related work breakdown structure elements in

Attachment B tor which you have data. In each of the subsequent

rows enter thet manpower expended (luring the month after contract

award indicat ed in the left hand column. Space is provided

tu)r im) to five years of data. For ongoing projects enter the

ite st (-s imiitt ,f resource requirements for those months for

which actual data is not available.
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COMPUTER PROGRAM CONFIGURATION ITEM
FUNCrION AND SIZING DATA DETAIL FORM INSTRUCTIONS

Enter the name of the CPCI for which the information

is being furnished in the space provided. For each module or

unit in the CPCI, identify computer component to which it be-

longs, the function index number from Table B-2, the module "

size in delivered source lines of code and number (f main meme-

ory words occupied, and the programming language used. Like-

wise, indicate with an X in the appropriate column whether the

C(ode is reused code with little or no modification, reused code

with extensive modification, or entirely new code. If info)rmi -

t ion is not avai lable at the module or unit I '\el , provi de it

at the next highest level available, i . e. , CPC iev.t' I f the

C PCI (I s not us e al I oi the i nteriiiediate levels, leave th..

unused column blank. In the event that none o tt funct ions

in Table B-2 adequat .ly describes a particuliar CIPCI ceIment,

enter a brief statemcnt ()f the element furnR i on in the appro-

p)riat e ('olumn.

B-34
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TAB .E B -2

SOFTWARE FUNCTION (ATEGORIES

TYPE CATEGORY INDEX FU NCT N

Operational Displays 1. 1 Avionics

1.2 Command, Control, Communications

1.3 Other

Avionics 2.1 Mission Planning

2 Navigation "

2.3 Aircraft Steering & Flight Control

2. 4 Sighting, Designation & Location

Determination

2.5 Weapon Delivery

2.6 Electronic Countermeasures

2.7 Other

Connand, 3. 1 Network Monitoring 0
Control, &
Comnicat s 3.2 Network Control & SwitchingCominun i ca t ions,.

3. 3 Sensor Control

3.4 Signal Processing

3.5 Message Processing

3.6 Message Distribution

3.7 Message Logging & Retrieval

3.8 Data Reduction

3.9 Other S

Executive 4 ] Computer Resoiirce Managemnrit

4.2 C,,iiputer Operator Iiit'rt, i I
4. 3 Other Termina! Uporator lit,. t

4.4 Special Dev ice I wi'; f ,

4.5 tither Input ( ,

4.6 Error Ha id I is ,'F ,'' ,

Rei i,ve rv

4 .7 'ul I t I

L.. ", "" "'.,'2 ,' d ."'''% '. '." .''.' "''; , "Z""-''- '. '- .' "" "
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TABLE B-2

SOFTWARE FUNCTION CATEGORIES (Continued)

TYPE CATEGORY INDEX FUNCTION

Operational Data Base 5.1 On-Line Retrieval & Output
(Continued) 5.2 On-Line Initialization & Updating %

_15.3 Other

Training 6.1 Control of Exercise Sequencing

6.2 Operator Performance Data Collection

6.3 Other

On-Line 7.1 System Readiness Test
Equipment 72 Computer Diagnostic
Diagnostic 7 CD

7.3 Memory Diagnostic

7.4 Display Diagnostic

7.5 Switch/Indicator Panel Diagnostic

7.6 1/0 Diagnostic

7.7 Mode Diagnostic

7.8 Other

Support Operating 8.1 Computer Resource Management
System I8.2 Computer Operator Interface

8.3 Terminal Operator Interface

8.4 Input or Output

8.5 Error Handling/Reconfiguration/
Recovery

8.6 Performance Monitoring & Data
Collection

8.7 Other

Equipment 9.1 Off-Line Computer Diagnostics
Maintenance 9.2 Other
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TABLE B-2

SOFTWARE FUNCTION CATEGORIES (Continued)

Type Category Index Function

Support Software 10.1 Higher Order Language Compiler
(Continued) Development 10.2 Assembler "-.'

10.3 Debugger

10.4 Loader or Editor

10.5 Other

Off-Line 11.1 Data Base Definition
Data Base ".,' .
Management i 11.2 Data Base Initialization or Updating

11.3 Retrieval & Output Formatting

11.4 Data Base Restructuring

11.5 Off-Line Data Base

11.6 Other

Design 12.1 Data Base Design

12.2 Data Base Processor Design

12.3 Performance Simulation

12.4 Data Reduction

12.5 Data Analysis

12.6 Other

'rest 13.1 Test Case Generation
Software 13.2 Test Case Data Recording

13. 3 Test Data Reduction

13.4 Test Analysis

13.5 Other

Utilities 14.1 Media Conversions

14.2 Format Translation

14.3 Sort/Merge "-e

14.4 Program Library Maintenance

14.5 Other
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TABLE B-2

SOFTWARE FUNCTION CATEGORIES (Continued)

TYPE CATEGORY INDEX FUNCTION

Support Off-Line 15.1 Data Reduction
(Continued) Training 15.2 Training Analysis

15.3 Scenario Preparation

15.4 Other
Project 16.1 Project Event Status Accounting

Management
16.2 Schedule Maintenance/Projection

16.3 Financial Accounting

16.4 Software Cost Reporting

16.5 Hardware Cost Reporting

16.6 Software Cost Prediction

16.7 Hardware Cost Prediction

16.8 Other

Hardware 17.1 Interfacing Hardware Simulations
Subsystem
Simusations 17.2 Environmental Simulations

17.3 Operator Action Simulations

17.4 Other

L0
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ATTACHMENT A

GLOSSARY

Application software - software that implements the operational

capabilities of a system.

Assessment - a qualitative evaluation. W-J,

Compiler - a computer program that accepts a source program-
expressed in a higher order language as input , and produces
either a machine code or assembly language representation of
the source program as output.

Code walk-through - a step-by-step, detailed examination of
source code by a small group of qualified personnel. Some-
times it is referred to as a peer review.

Computer data - basic elements of information used by the
computer hardware in responding to a computer program.

Computer program - a series of instructions or statements in a
form acceptable to an electronic computer designed to cause
the computer to execute an operation or a series of operations.

Computer software - a combination of associated programs and
computer program data definitions required to enable the corm-
puter hardware to perform computational or control functions.
Note: this definition includes firmware. . .

Computer program component (CPC) - a design component of the
computer program design architecture made up of units and
modules implementing requirements of a computer program con-
figuration item (CPCI).

Computer program configuration item (CPCI) - an aggregation of
computer software which satisfies an end use function and is
designated for configuration management.

Contractor - any organization under contract or tasking agree-
ment with a procuring agency to perform any part of a software
development effort.

Critical Design Review (CDR) - a review conducted for each con-
figuration item when the detail design is essentially complete
to determine if the detail design satisfies the requirements

BB- 39
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established in the specification and to establish the exact
interface relationships with other parts of the system.

Defense system - a system which contributes directly to the
combat capability of the Department of Defense.

Demonstration - a qualification method which relies on observ-
ab e operation to establish that a requirement has or has not
been met.

Design walk-through - a step-by-step detailed examination of
the design of the software by a small group of qualified
personnel.

Development baseline - the initial approved technical documen-
tation which defTines the configuration of a CPCI during the
Full-Scale Development Phase and which prescribes (1) all design
characteristics of the CPCI and (2) the selected functional
characteristics of the CPCI designated for software performance
testing. The Developmental Baseline is under the development
contractor's configuration control.

Documentation - the comprehensive written description of com-
puter software in various formats and levels of detail that
cLearly define its content, composition, design, performance,
testing, and use.

Emlbedded c,)iliuter software - software which executes on com-
puters whic-tE are - incorporated as integral parts, (2) dedi-
cated to or required for the direct support of, or (3) required
to upgrade or modify defense systems.

Firmware - microcode (software) which resides in computer memory
tat is not alterable by the computer system during program
execut ion.

Formal Qualification Test (FQT) - a formal test conducted in
accordance with approved test plans, descriptions, and proce-
dures after a CPCI has been integrated to validate that each
function of the CPCI satisfies specified software requirements
and applicable interface requirements.

Formal test - a test which is conducted in accordance with test
procedures approved by the procuring activity, is witnessed by
an authorized representative, and is documented in a test report
for procuring agency review.

Functional Configuration Audit (FCA) - the formal examination
6 -FTnctional characteristics test data for a configuration item
to verify that the item has achieved the performance specified
in its functional or allocated configuration identification.
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Higher order language - a primarily machine independent lan-
guage (ot a higher order than assembly language) designed for
ease of expression of a class of problems or procedures by
humans.

Inspection - a qualification method which relies on visual
examination to establish that a requirement has or has not
been met.

Measurement - quantitative evaluation.

Modular - a software design characteristic which organizes the
software into limited aggregates of data and contiguous code
that perform complete functions and are, therefore, completely
understandable by themselves.

Module - a discrete, identifiable set of instructions which
are treated as an entity by the computer's operating system.
and which can be executed and tested on a stand-alone basis.
Equivalent to a unit.

Physical Configuration Audit (PCA) - the formal examination of
the "as-coded" configuration of a CPCI against its technical
documentation in order to establish the initial product con-
figuration identification.

Precompiler - a computer program which converts progralming
statements which are unacceptable to the compiler into state-
ments with acceptable syntax.

Preliminary Design Review (PDR) - a review prior to the start
of the detail design process to evaluate progress and technical
adequacy of the selected design approach, to determine the
design compatibility with the performance requirements of the
CPCI development specification, and to establish the existence
and compatibility of the interfaces between the configuration
item and other elements of the system.

Preliminary Qualification Test (PQT) - a test conducted during
the integration of a CPCI to evaluate the performance of those
CPCI functions which are critical, as determined by time-critical
or performance-critical requirements. A PQT may be either 1.) I.
formal or informal.

Product baseline - the final approved technical documentation
which defines the configuration of a CPCI at the completion of
software performance testing at the point where the CPCI is
integrated into the system. The product baseline includes
final versions of all specifications and documents from pre-
ceding baselines.

B.s1

S -..

.*5,l



Program design language - a design tool used to facilitate the
translation of system functional requirements into the elements
of a program design hierarchy.

Program support library - a repository for programs and data
used to facilitate the orderly development of software. The
repository provides two fundamental capabilities: (1) programs
and data are stored in machine readable form for computer opera-
tion and the identical information is stored in hard copy form
for human comprehension, and (2) the repository contains all
management data pertinent to the software development project.

Software development - the engineering process and effort that
results in software, encompassing the span of time from initia-
tion of the contracted effort through delivery to and acceptance
by the procuring agency.

Software error - an occurrence, or lack thereof, during the
execution oF-a program and attributable to the software that
prevents satisfaction of the specified software requirements,
fails to perform as designed, or performs a function not re-
quired and not desired.

Support software - all software used to aid the development,
testing an support of applications, systems, test and mainte-
nance, and trainer software.

Sstems software - software that is used to maximize the use
' ' computer- resources at the time of use. Operating systems,
~executives, and data base management systems are examples of

this type of software.

System Design Review (SDR) - a review conducted when the def-
.'. Inition effort has proceeded to the point where system require-

ments and the design approach are more precisely defined. Thereview ensures that there is a technical understanding between
the contractor and the procuring agency on the system segments

identified in the system specification and the configuration
items identified in the CI performance specifications.

System Requiements Review (SRR) -a review conducted when a

signi F'iant portFon othe system functional requirements havei been established to determine the adequacy of the contractor's
efforts in defining system requirements.

Test - a qualification method which relies on operation in an
- actual or simulated environment and subsequent analysis of

data obtained during operation to establish that a requirement

has or has not been met
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Top-down design - a design method in which operations are de-
fined in a hierarchical manner from the more general to the
more precise. Top-level operations are defined in relatively
general terms. Operations on all levels except the bottom one
are defined more precisely in terms of operations on the level
immediately below.

Top-down programming - the implementation of code and data in
a sequence which proceeds from the top level of design to the
bottom level, continuously exercising the actual interfaces
between program elements.

Unit - the lowest level logical entity specified in the detailed
design which completely describes a non-divisible function in
sufficient detail to allow implementing code to be produced,
assembled or compiled, and tested independently of other units.
Equivalent to a module. IN

Validation of computer software - the evaluation, integration,
and test activities carried out at the system level to ensure
that the finally developed system satisfies the user's require-
ments set down as performance and design criteria for the system.

Verification of computer software - the interactive process of
determining whether the product of each step of the software
development process fulfills all requirements levied by the
previous step.

Virtual machine - the complex of hardware and software that the
software being developed calls upon to accomplish its tasks.
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ATTACHMENT B

SOFTWARE DEVELOPMENT PROJECT WORK BREAKDOWN STRUCTURE

The following is an illustration of a recommended

work breakdown structure for a project with both hardware and

software elements.

LEVEL I LEVEL 2 LEVEL 3 LEVEL 4

Defense System

Prime Mission Equipment

Integration and Assembly

Hardware Subsystem or End Item I

Hardware Subsystem or End Item n

Software Subsystem I

Subsystem Analysis & Design

Subsystem Integration & Test

Computer Program Configuration Item I

Computer Program Configuration item n

Software Subsystem nB
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drLevel I Level 2Level 3 Level 4

IV
Support Software

Computer Program Configuration Item I

Computer Program Configuration Item n

Training

Equipment

Services

Facilities

Peculiar Support Equipment

Organizational

Intermediate

Depot

System Test & Evaluation

Development Test & Evaluation

Operational Test & Evaluation

Mockups

Test & Evaluation Support

Test Facilities

System/Program Management

Systems Engineering

Project Management

Data

Technical Publications

Engineering Data

Management Data

Support Data

Data Depository

B-45



Level I Level 2 Level 3 Level 4

Operational/Site Activation

Contractor Technical Support

Site

Construction

Site/Ship/Vehicle Conversion

System Assembly Installation &

Checkout on Site

Common Support Equipment

Organizational

Intermediate

Depot

Industrial Facilities

Construct ion/Conversion/Expansion

Equipment Acquisition or Modernization

Maintenance

Initial Spares & Initial Repair Parts

I

B.
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